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THE GLOBE PRocRAM: 


1800 G Street, NW, Suite 800, Washington, DC 20006-4403 


Dear GLOBE Students: 


Congratulations! Through your participation in GLOBE, you are joining with students, teachers, 
and scientists from around the world to help all of us learn more about our planet! As a student 
scientist you are an important part of the worldwide effort to understand our global environment. 


Scientists have long studied Earth's environment and have come to view it as an integrated 
system. Within this system, important interactions connect all regions and past conditions 
influence the present and the future. However, environmental scientists cannot take Earth into a 
laboratory to study it. Instead, they must rely on the collection of data from as many places as 
possible. Orbiting satellites collect much data about our planet, but measurements by people on 
the ground are also essential, particularly for local details and phenomena that cannot be 
measured from space. 


As a GLOBE student scientist, you assist other scientists by taking accurate measurements and 
sharing your data through the Internet. You can contribute data about the air, water, soil, and 
vegetation around you. Some observations are needed only once while others should be taken 
every day. Many of these data are collected routinely only by GLOBE students. The data sets 
you help build will continue to be useful for years, decades, and even centuries. You are making 
a lasting contribution to human knowledge! 


As a GLOBE student, you can learn much about science and your surroundings through your 
observations and the resulting data. As you take measurements, you will better understand what 
they mean and learn to recognize patterns in your data. You even can do research to answer your 
own questions about the environment, and as with most scientific research, your investigations 
will lead to more questions. You can use both the techniques provided by GLOBE and the data 
reported by you and other students to perform such investigations. Research requires hard work, 
but the excitement that comes with discovery and new insights makes it worthwhile. 


Everyone in GLOBE values your careful contributions as an environmental observer and wants 
to support your growth as a scientific thinker. I hope your experiences through GLOBE bring 
you joy and satisfaction. 


Sincerely, 
A £ 
Gag, EN 
| “лал ж" Y $ 
Dixon M. Butler -h Гу CY 
Director and Chief Scientist ef A Vo» c ^y 


An International Environmental Education and Science Partnership 
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1800 G Street, NW, Suite 800, Washington, DC 20006-4403 


Dear GLOBE Teachers: 


You have joined a worldwide partnership of teachers, students, and scientists working together to 
strengthen education, help meet educational standards, and learn more about our environment! 
Through your leadership, your students have the opportunity to use research-quality observations 
in their studies and to contribute their environmental observations for research scientists and 
other GLOBE students to use in their work. 


As a GLOBE teacher, you have embarked on a bold adventure in both science and education. 
This Program enables you and your class to engage in a collaborative, scientific inquiry into the 
world around you. Your students have the opportunity to explore both the far comers of the 
globe and the wonders of their own neighborhood. GLOBE is here to support your efforts to 
motivate and educate. 


This Teacher's Guide provides the key information that defines the GLOBE Program and 
supports your implementation of GLOBE with your students. Measurement procedures are 
specified as protocols with field and lab guides for student use. Instrument specifications are 
given to guide you in selecting the appropriate devices and supplies. Sections that provide 
background information will help you and your students understand the science associated with 
the measurements and provide insight into how to look at the resulting data. Specific learning 
activities are supplied to help you prepare students for taking data and to support the integration 
of GLOBE in your curriculum. Suggestions are included based on the experiences of those who 
have been doing GLOBE with their students, but no one can tell you how best to use GLOBE in 
your classroom. That is up to you. 


Teachers are the key to the success of this Program. Only through your teaching and good work 
does GLOBE come alive, Everyone in GLOBE values your contributions, and | hope your 
teaching will be enriched and improved through the use of GLOBE and that you will make it 
your own. I am confident you will find fun and excitement as your students engage the 
environment as young scientists. 


Sincerely, 


Dixon M. Butler 
Director and Chicf Scientist 


An International Environmental Education and Science Partnership 


Doar Teachers and Students, 


We would like 40 shar with you what а wondortal experiance that the 
GLOBE Program has boon for us. 

Uv have had she fascinating opportunity of being able 4o ооф and 
unter deta for going on four years now. Each day is a whole new 
learning experience Hr ав. Th order 4o make our data work for the whale 
community, wh phone in all of cur stars” 4o our local OBS affiliate for a 
daily spot on tho Five o'clock nows.To use our data as a more positive 
Ivar Ding experince we mako graphs and Charts 40 Company uit qoas 
past and other sohools data +o ty aNd Find ott moro about our planet. 

Ulo, however, decided shat he whole pracass of taking and. recordin 
data was just not enough. What we needed was а way TO bu ablo 40 d. 
this program on a lango soale. do, wo invented a GLOBE Club. This 
appomanity has proven to bo ruly worthuile, by Шы Ud 40 interact with 
many dierent students in aur sohool community. Through our activities, ub 
havo mado GLOBE a live learning oxparibnoo. Wo have beo able 10 Aabo one 
of tho iub roles of GLOBE and pit i into осто) by allowing students to 
taku charge of tho dub. Шь teach and in turn are taught in 4 ono 00 ano 
learning environment, in which ue are constantly improving and changing 
Our Methods Wd proceduras. 

But, GLOBE would not bo to pagan Het tt ig HP шь didot havo a lido 
bit of Jun in the procesa right? GLOBE has bucomo a small Javi on ud, 
бй that has мо us very wall. has given us frivndships , monton 
to look op +o, qoet educations, and so much mite. GLOBE has become very 
impomant 4o 43H has booome a рам of цв. 

Our “Family” wishes you woll in your studita with GLOBE. Wo hope it 
bucomus as mach of a part of your fives 04 ours. Good luck and joyful 
lami! 


ШЛУ? 


Nuw 
&b grader and President of Corpus Christi Schools GLOBE Cll 


Shemar Marin 
8 4b q rode ond Vice “Presider cf Corpas Chrish 
Schols GLOBE Ciub 
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Our work with the Globe measurements 


The first time we came into touch with the GLOBE Program was when we went in the 7^ 
grade. Our chemistry and biology teacher, Mikael Stróberg introduced the project for our 
class. He showed us GLOBE's Web site and asked if someone was interested in doing some 
of the measurements. After a while, when we had thought about it, we reported our interest. 
We started to make some of the measurements that were supposed to be done at 12 o'clock; 
we measured the maximum, minimum and the present temperature. We also measured 
precipitation, index of pH, the temperature of the precipitation, the cloud cover and the 
different sorts of clouds. To recognize the different sorts of clouds was tough in the beginning, 
because no clouds are exactly the same, but it was interesting when we had learn. 


After we had become more secure on the daily measurement, we also made some other 
measurements, like some hydrology measurements and measurement on the soil moisture. 
We couldn't make these measurements so often because they had to be done in the morning 
and we had classes then, but we made them when we had time. The hydrology measure- 
ments were the most fun. Then, we went down to the small river Skóldsán and measured the 
transparency, dissolved oxygen, alkalinity, pH and electrical conductivity. 


We registered the results of the measurements on GLOBE's Web site. We could also go to 
the archive on the site and look at our results. We could also get into touch with other schools 
that were involved in the project. We got into touch with a ten-year-old girl from USA. We 
began to correspond and we sent small weather rapports to each other. It was fun to get into 
touch with adolescents from other countries and in this way, we got to know more about other 
countries and we practised our English knowledge. We still have got contact with the girl and 
we write to each other sometimes. 


We continued with the measurements until that we left the school and began at the senior 
high school. It was fun to follow the weather and the measurements were a meaningful 
occupation in the breaks. Sometimes it could be a little bit scary to see how people have 
influenced the climate. We observed this most when the pH value of the precipitation was 
down to 4. How does the value influence the vegetables and the animals? What should we do 
to prevent the acidification and which buffer has the soil against precipitation with a so low pH 
value? There were many questions we had when you made the measurements. The GLOBE 
measurements have been very good because we have to think much about the environment. 
The project has also influenced our choice of program to senior high school. It is true that we 
went in a class with direction at mathematics and science in junior high school but the project 
made our interest in science larger and made us more resolute that it was in science we 
wanted to work in the future. 


Our prospect now, when we go in senior high school, in the natural science program, is to try 
to start up the GLOBE project at our new school, Ale High School. We have talked to our 
chemistry and biology teacher and she was interested in the project. Our teacher anda 
colleague to her have been on course in Stockholm. We hope that the project will interest 
some other students, who can help us with the project. The measurements will probably start 
autumn 2002, and that is something we are looking forward to. 


Elin and Sofie 
Sweden 
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Dear GLOBE Teachers and Student, 


My name is TSEUKOP FOSSO MYRIAM, and | am a student at the 
Technical School of Bafoussam in the second class EF1. Interested in 
earth science, | have been involved with GLOBE since September 2001. 


It is true that the program escaped my notice at first and | was also a bit 
intimidated and didn't dare participate. During the first sessions and 
program introduction, | frankly didn't understand a lot. There was a 
moment when | was even discouraged. But | think that with help of others 
and the passage of time, | overcame this problem and came to under- 
stand everything, | learned a lot, like knowing the weather by just observ- 
ing the clouds as well as the variation of the colors in the sky, and reading 
the rain gage to see how much rain reached the ground. 


| confess that | really enjoy making graphs and drawing conclusions and 
explanations. | have become a bit unbearable to my friends because | 
want to talk about the Program — knowledge about the clouds and other 
things — all of the time. This makes me really happy. | also want to spend 
a lot of time in my future studying science. This is a passion that | believe 
is like a fire. 


Globally yours, 


TSEUKOP FOSSO Myriam. 
Lycée Technique de Bafoussam 


L 
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Dear GLOBE Teachers, 


| work as a biology teacher in a small secondary school in the northeastern 
part of Finland near the Russian boarder. | have been involved in the GLOBE 
Program since 1996 and have been very proud of it. 


In my opinion the best thing about the GLOBE Program is that students get a 
better, long-term chance to study outside instead of theoretical studies inside 
the classrooms. That makes it much easier for me to motivate the students to 
study the environment around them. 


Because students have to make regular observation about clouds, rainfall and 
air temperature every day, they get used to it and automatically observe the 
weather even on their holidays. | think it helps them to learn more about the 
nature around and even respect it more. If it works out, so | have succeeded in 
achieving my main purpose as a teacher. 


Responsibility and punctuality are abilities that can also be improved while 
working in the project. One of our ambitious aims is to keep making and 
reporting our observations as regularly as we have done so far. The other aim 
is to write a weather report in time, which will be published in the local news- 
paper at the end of each month. 


As a teacher | can easily make good use of all the data taken by GLOBE 
schools all over the world, which gives me workable instruments to illustrate 
the complicated weather factors in different parts of the world. 


| am always looking forward to the seminars arranged by the Finnish GLOBE 
organization. It is very rewarding to meet there colleagues that have common 
interests and of course learn more for example about the Globe protocols. 


One of the highlights to me and my students was, when we many years ago 
were able to travel abroad to Zwolle, Holland and meet our GLOBE friends with 
whom we earlier have had chats before, through Internet. 


We have also made together some Internet www pages, in which we introduce 
our work in the GLOBE Program. Unfortunately most of them are written in Finn- 
ish, but you can look at the diagrams, any way. Look up our homepage on the 
GLOBE Web site. 


René Kajava 
GLOBE teacher from Suomussalmi High School, Finland 
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Dear GLOBE Teachers, 


On the personal level, | consider the GLOBE Program a very effective and 
beneficial program for both the teachers and students. Taking part in this 
program makes my students see the earth as an interconnected system. The 
globe program makes my students apply science in their real environment. 
Besides, it increases students' use of the Internet and enhances teamwork. 


The students now are very motivated to learn more about all the scientific 
concepts. The GLOBE students in my school feel very proud and privileged, 
since they are acting as small scientists and the data that they are 

collecting are considered as a reliable resource of research. Students in the 
GLOBE Program are enhancing their scientific research processes that 
require higher order thinking skills (in collecting data and analyzing them). As 
a matter of fact, the GLOBE Program is new in our school and the students 
didn't get the chance to apply all the protocols, but | can tell that they are very 
willing to be efficient GLOBE members. The GLOBE Program assures that 
we are moving on the right track of raising up scientists by encouraging 
students to learn science through the use of inquiry method. 


Finally, | would like to express my thanks the opportunity of taking part in this 
program. | wish you a very prosperous future with more new and beneficial 
ideas for research. 


OLA EID 
GLOBE TEACHER 
GERMAN SCHOOL-LABANON 
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Dear GLOBE Teachers, 


My school Stuckey Elementary School has been reporting data since Novem- 
ber of 1999. We have made the Honor Roll, and now we have recorded over 
2100 pieces of data. The grades involved are grades 3 - 5. The first year | had a 
science club after school. The children used the soil protocols. This involved a 
soil profile, identifying the horizons and their composition. They then each took 
a horizon and reported it to GLOBE. Meanwhile during the school time a 
revolving schedule for atmosphere was created. Soon the children were collect- 
ing data at solar noon on their own and reporting it. They even did this over the 
weekends and vacations. This certainly taught them math, reading thinking, 
Observation not to mention the scientific process. 


The next year, | used my former students to help in the beginning of the year. 
They in turn taught the others. We then established a hydrology site. Nature was 
starting this for us. It is a wetland an meadow bog right in our own courtyard. 
Protocols were taken for that. The children, working in the computer room saw 
and compared the different graphs and charts and maps. We took part in a 
greenhouse effect study from the Netherlands and emailed results to the 
person in charge. We sent a postcard to England for their first Earth Day. Many 
of the benchmarks for science, math, language, and social studies were met by 
using the GLOBE program. I’m going to attempt to have the children find 
another place with our latitude and compare the temperature. Later we will try 
for a few more graphs such as rainfall comparison, snowfall, etc. 


Last June | was sent to a workshop to become a GLOBE trainer. | have already 
done the soil portion for Wayne County and hope to do other workshops for 
other counties and/or states. There are numerous skills we can do with this 
program. We are limited only by our imagination. 


Dawn Kittle 
Stuckey Elementary School 
Redford, Michigan 
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The GLOBE Program Overview 


Global Learning and Observations to Benefit the 
Environment (GLOBE) is a hands-on international 
environmental science and education program. 
GLOBE links students, teachers, and the scientific 
research community in an effort to learn more 
about our environment through student data 
collection and observation. 


The goals of GLOBE are: 

to enhance the environmental awareness 
of individuals throughout the world; 

to contribute to scientific understanding of 
the Earth; and 

to help all students reach higher levels of 
achievement in science and mathematics. 


Students from the ages of approximately five 
through eighteen years in schools throughout the 
world conduct a continuing program of 
scientifically meaningful environmental 
measurements. GLOBE students transmit their 
data to a central data processing facility via the 
Internet, receive vivid images composed of their 
data and data from other GLOBE schools around 
the world, acquire information from a variety of 
sources, and collaborate with scientists and other 
GLOBE students and communities worldwide in 
using these data for education and research. 


GLOBE* 2003 


хи 


The measurements taken by the GLOBE students 
serve two important purposes. First, participating 
scientists use these data in their research programs 
to improve our understanding of the global 
environment. Second, students not only learn 
how to carry out a scientifically rigorous program 
of Earth observations, but also learn to use their 
own measurements, together with data from other 
GLOBE schools, as a key part of their study of 
environmental science. Through contact with and 
mentoring by scientists, the students receive 
feedback about the value of their data sets in 
world class scientific research. 


GLOBE provides extensive educational materials 
to enrich the learning experience of participating 
students. These materials include a wide variety 
of classroom and field activities to help students 
place their measurements in a broader context 
and relate their own local observations to global 
environmental issues. 


Using state-of-the-art technology, GLOBE creates 
a forum for students to communicate with their 
peers around the world, thus fostering alliances 
among students and increasing not only their 
environmental understanding but also their 
understanding of other cultures and their sense 
of global community. 
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GLOBE Science and Education 


GLOBE is science and education, not just science 
education. GLOBE teachers and students join with 
research scientists to form broadly distributed 
research teams. Students collect data that are 
valuable to these researchers' work on various 
scientific inquiries. This collaboration and the 
authenticity of the data collected stimulate learning 
and offer opportunities for dynamic new 
approaches to education. 


Behind every GLOBE measurement protocol and 
instrument specification is a science research team 
committed to the use of data collected by students 
following these protocols. The GLOBE science 
investigations are competitively selected through 
a process that involves peer review of proposals. 
Once a proposed project is chosen, each team 
reviews all data submitted for their protocols for 
accuracy and consistency. This review may include 
contacting GLOBE teachers to ask questions about 
these data. When collected accurately and 
consistently, GLOBE student data have repeatedly 
met the requirements for professional research use. 


As a science and education program, GLOBE 
neither begins nor ends with data collection. 
Scientists collect data to gain understanding, and 
students can do the same. Teachers are encouraged 
to stimulate and reinforce their students' natural 
interest in their surroundings. Student interest can 
take form in questions that they want to answer, 
and taking data is part of addressing their 
questions. Recording, assembling, and analyzing 
data are a necessary part of the process leading to 
answers, new insights, and refined questions, and 
data reporting is essential for GLOBE 
implementation to give students an authentic 
science experience. 


Data reporting is the step which makes the GLOBE 
collaboration real. Through GLOBE, members of 
the science community provide content, support, 
and mentoring to the primary, middle, and 
secondary education community. However, 
scientists get nothing for these efforts unless 
student observations are reported and included 
in the GLOBE archive. For the community of 
GLOBE schools to have a rich database of 


observations to use in student research and 
activities, each school must do its part by sharing 
its measurement results. Finally, the quality and 
quantity of student data reported to GLOBE is the 
best measure of accomplishment that can be 
provided to those who fund and support the 
GLOBE Program. 


GLOBE provides materials and infrastructure to 
support students in carrying out the process of 
science, which is often called inquiry. First and 
foremost, GLOBE supplies the protocols and 
instrument specifications so that students can be 
assured that their measurements are valid 
observations of the environment and comparable 
with data collected by others around the world. In 
this Teachers Guide and on the GLOBE Web site, 
background information is provided to place the 
measurements in a scientific context, and 
discussions and examples are given of how to 
analyze the data. Learning activities are provided 
to help teachers prepare students to collect data, 
to aid students’ understanding of the science 
associated with their measurements, and to support 
students efforts to gain facility with various analysis 
techniques. 


Throughout this Teachers Guide, references are 
provided to Science Concepts and to Inquiry 
Abilities. These are intended to facilitate the process 
of integrating GLOBE into the curricula of classes, 
schools, and school systems. GLOBE recognizes 
that the job of teachers is to educate students and 
that taking measurements is only a means to that 
end. Accordingly, each teacher should choose from 
GLOBE those measurements and activities that help 
accomplish his or her instructional objectives. 
Starting gradually and undertaking GLOBE 
measurements in a way that can be sustained and 
become a routine part of student activity is 
recommended. GLOBE provides a wide variety of 
content and this Guide includes indications of the 
appropriate levels for various items — primary (K- 
4) , middle (5 - 8), and secondary (9 - 12). Still, 
GLOBE hopes that every school will grow to report 
data for every measurement that is appropriate to 
the abilities of its student population. 
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GLOBE and Student 
Inquiry 

Every area of learning involves mastery of content 
(concepts and facts) and process (techniques and 
procedures). Taking authentic scientific observations 
certainly enriches the study of concepts in science 
and geography and provides data for use in math 
classes along with opportunities to apply math in 
data analyses. Beyond this, the study of the 
environment provides an area of scientific research 
that is accessible to students at an early age. 
Students can do science. They can begin with 
curiosity and questions, observe, measure and 
analyze, and reason their way to logical conclusions 
supported by their data. This process is student 
inquiry, and it can bring the excitement of scientific 
research to the sometimes routine activities of data 
collection. 


GLOBE provides material and infrastructure that 
can make the inclusion of student inquiry in education 
easier. Inquiry provides a complete context that makes 
GLOBE more educationally meaningful. 


GLOBE and Standards for 
Education 


In this Teachers Guide, protocols and learning 
activities are related to the standards they address. 
In the United States, there is growing insistence that 
teaching be directed to address specific standards. 
Many countries in GLOBE and virtually every state 
in the United States have adopted standards for 
education, including science education. These 
standards vary, and it is not presently possible to 
provide a correspondence between GLOBE 
elements and every set of standards. However, there 
is much in common among the different sets of 
standards for science education. 


For this Teachers Guide, GLOBE has chosen to use 
the National Science Education Standards 
published by the US National Academy of Sciences, 
selected additional content standards that GLOBE 
scientists and educators feel might make 
appropriate additions to standards, and the National 
Geography Standards prepared by the (US) National 
Education Standards Project. 


Evolution of The GLOBE 
Program 


Since the first GLOBE Teachers Guide in 1995, the 
number of protocols has more than doubled and 
there have been some changes in protocols based 
on experience. This is to be expected in any scientific 
endeavor. All data reported to GLOBE have been 
retained, even when collection techniques have shifted. 


Different types of equipment have become available, 
and this has led to a number of options for taking 
certain measurements. There are some GLOBE 
measurements that are only appropriate within a 
limited geographical area and others where the scope 
of protocol training is beyond what can normally 
be included in GLOBES train-the-trainer workshops. 
For these measurements, protocols have been 
designated as Optional, but they are included to 
enrich the content available for GLOBE participants. 


This 2003 GLOBE Teachers Guide is a 
comprehensive advance on the 1997 Teachers Guide. 
In this context, the 2002 Teachers Guide should be 
viewed as an interim step leading to this major 
revision. A number of new features such as Field 
Guides and Lab Guides and Looking At the Data 
sections were included in the Atmosphere and GPS 
Chapters of the 2002 Guide. These are now included 
in all chapters. The Guide is designed to allow 
teachers to more easily extract from it those sections 
that they wish to use in their classrooms without 
the need to rewrite or edit the material. 


The complete 2003 Teachers Guide is only available 
electronically on the GLOBE Web site and on CD- 
ROM. The printed version of the Guide is a subset 
of the full e-Guide and includes roughly two-thirds 
of the overall material. Schools without adequate 
access to the e-Guide may request printed copies of 
additional sections that they will be using. 


In general, considerable effort has been made to 
incorporate into the 2003 Teacher's Guide all the good 
ideas that have surfaced over the last six years. 
Inevitably there will be further improvements in the 
future. These can be made incrementally to the e- 
guide as presented on the GLOBE Web site and 
captured periodically in updated CD-ROMs 
provided at GLOBE trainings. Fresh printings of a 
subset of the Guide will be infrequent. 
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GLOBE is the “quintessentially ideal program for 
involving kids in science" according to NOBEL 
Laureate, Dr. Leon Lederman. From the practical 
standpoint, GLOBE can benefit teachers and 
students in the following ways: 


* GLOBE is an interdisciplinary program. 

• GLOBE Learning Activities and Protocols are 
aligned with the National Science 
Education Standards. 

* GLOBE activities are consistent with the 
US Department of Educations priorities 
for international education by increasing 
knowledge and expertise about other 
regions, cultures, languages and 
international issues. 

* Independent evaluations show that 
GLOBE improves students' higher order 
thinking and science process skills. 
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What Will You and Your 
Students Do in the GLOBE 
Program? 


Your students will be carrying out a series of 
investigations that scientists have designed to 
gather data about the Earth and how it functions 
as a global system. Students will be using 
instruments and their own senses to observe the 
environment at multiple sites near your school. 
They will record the data they gather, save it in a 
permanent school data record, and send it to the 
GLOBE Student Data Server (our database) using 
the Internet and the World Wide Web or email 
where the Web is not readily available. The 
GLOBE Teachers Guide also includes Learning 
Activities that can be adapted to your local 
curriculum needs. 


Do not worry if you're not an experienced science 
teacher. The learning materials provide a range of 
activities, from beginning activities to be used by 
teachers of young children who might have had 
little to no experience with science, to more 
complicated activities for the advanced level. Each 
Learning Activity provides the background 
information needed to successfully complete the 
activity. 

Each of the Protocols and Learning Activities 
includes a designation of recommended grade 
levels, in three categories: 


* Primary - Ages 5-9 years. 
* Middle - Ages 10-13 years. 
* Secondary - Ages 14-18. 


However, do not feel locked in by these grade level 
distinctions. Many of the activities can be adapted 
to lower or higher levels, based on your students' 
needs and abilities. 


Ultimately, your GLOBE classroom and the study 
sites where you make the measurements are likely 
to be very busy places for science and learning. 
Your students will observe and make 
measurements, record their data, come to 
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understand accuracy and precision, share their 
data with other students and scientists, conduct 
labs, formulate questions, test hypotheses, and 
develop theories to make sense of the data. They 
will use a variety of scientific instruments, calibrate 
those instruments, and try to understand potential 
sources of error in the measurements they take 
with the instruments. They will work with real 
data, some that they collect and some that they 
obtain from other GLOBE schools around the 
world. 


There are six key educational elements of the 
GLOBE program. 


1. Selecting local study and sample sites - 
You will pick local study sites for your 
recurring measurements along with 
sample sites, which the students will 
normally visit only once. For example, the 
Hydrology Study Site should be a nearby 
river, lake, bay, ocean, or pond. All of the 
study and sample sites will be within your 
15 km x 15 km GLOBE Study Site, with 
your school at its center. Many schools 
also choose to maintain additional study 
sites located outside of their immediate 
school site in order to gather comparative 
data for a more complete investigation of 
their local environment. We have included 
guidelines for selection of study sites in 
the Appendix section of this chapter. 

2. Taking measurements carefully on a 
regular schedule - Students should begin 
with one measurement and then, over the 
course of a few months, add new 
measurements one-by-one as they learn 
how to do them. As their teacher, you 
need to make sure your students 
understand the measurements and do 
them accurately. Most of the measurement 
Protocols specify a regular schedule for 
taking data and some require observations 
at specific times. Weather measurements, 
which are daily, can be done most easily at 
a sight adjacent to your school. Others, 
such as the weekly hydrology 
measurements, will require going to the 
selected study site. Working with your 
students, their parents, and your school 


community to have measurements made 
during weekends and school vacations is 
also important in obtaining an accurate 
record of your local environment for use 
by scientists and your students. 


. Submitting the data - All data should be 


submitted to the GLOBE Student Data 
Server. The most common way to submit 
data is by computer and the Internet; 
email submission of data is also possible 
using a spreadsheet for which we supply a 
template and instructions. See the GLOBE 
Web site for this information. 


. Complete the Learning Activities - Each 


investigation has a set of Learning Activities 
that help your students learn more about 
the science domains, the instruments and 
procedures for the measurements, and the 
ways that students and scientists can use 
the data collected. We hope you will use 
these Learning Activities, either as 
described, or by adapting them to your 
local needs. Your experiences in using 
these Learning Activities or new Learning 
Activities you develop can be shared with 
other GLOBE teachers to benefit the entire 
program. 


. Using GLOBE systems on the Internet 


to explore and communicate - GLOBE 
has created some powerful (and easy to 
use) computer software, which enables 
you to communicate with other schools 
and with the GLOBE scientists. It also lets 
your students see and interact with local 
and worldwide maps on which the 
GLOBE data are displayed. 


. Promoting student investigations - 


Ultimately, our hope is that your students 
will do their own investigations at local 
sites, or by using the GLOBE software and 
data collected by other students 
worldwide. Examples of student 
investigations are given at the end of many 
of the Protocols. Your students might even 
make some new scientific discoveries of 
their own that can be published on the 
GLOBE Web site and disseminated at 
GLOBE student conferences! 
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Science Values and 
GLOBE Measurements 


There are four characteristics needed in GLOBE 
measurements that will form a foundation for their 
ultimate contributions to science. They are 
accuracy, consistency, persistence, and coverage. 
Data sets which have all four characteristics result 
in enhanced worldwide understanding of our 
environment. 


Accuracy is the foundation of all scientific 
observation. For us, care in taking the measurements 
is the first step. Also, the equipment we use and our 
effort to keep it in good condition are important. 
Lastly, we all need to strive for perfection in 
recording data entries and reporting them to the 
data archive. 


Consistency means that the data from any 
GLOBE school can be used together with the data 
from all the others to produce a consistent picture 
of what is happening around the world. The 
visualizations illustrate this characteristic. 
Consistency is also important over time. Students 
at each school are building a climate record of 
their location. To see changes and trends in our 
individual environments, the data that have been 
taken in the past must be directly comparable to 
the data we are taking today. Careful adherence 
to the Protocols and documentation of changes in 
methods and techniques are the best approaches 
to achieving this characteristic. 


Persistence is required to keep interruptions in 
our climate records to a minimum. Occasional 
measurements are useful, but regular observations 
provide more information, allowing a greater 
understanding of what is happening at a 
measurement site. Also, regular observations are 
often easier to interpret and are used with greater 
confidence, especially when unusual phenomena 
are measured. The longer a consistent climate 
record is, the more valuable it is. Think of the 
lucky GLOBE students five years from now who 
will be able to look at variations and trends in the 
environment of their school! 


Coverage of whole regions, countries, continents, 
and as much of our planet as possible will also 


enhance the value of our data sets. The differences 
in the visualizations where there are many schools 
versus only a few illustrate this. The properties of 
our environment vary over many different spatial 
scales locally within our 15 km by 15 km GLOBE 
Study Sites, regionally across our metropolitan 
areas, states, or countries, and globally. Measuring 
these properties on these different scales is 
essential, and as the GLOBE program grows to 
include more schools in more countries, the 
importance of our collective contributions will 
continue to grow. 


Individually and collectively, all of us in GLOBE 
must strive for accurate and consistent 
measurements made persistently across our global 
environment. 


GLOBE Measurements in 
Time and Space 


We live on a changing planet. Moment by 
moment, day-to-day, year after year change is all 
around us. Some changes are cycles such as the 
day, the variations in the tides as the moon orbits 
the Earth, and the yearly change of seasons. Other 
changes seem to come and go such as clouds and 
rainstorms. Still other, gradual change we see as 
growth such as with trees or other plants or even 
ourselves. Sometimes big changes happen quickly 
as when a volcano erupts or a fire sweeps over 
the land. Each type of change happens on its own 
time scale. 


All of us, especially scientists, want to understand 
the changes happening all around us. Why do 
changes happen; how do different changes 
influence each other; what will happen next? To 
understand change, and in some cases predict it, 
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we must measure our environment, but we cant 
measure everything happening in our 
environment, everywhere, all the time. Instead we 
try to make measurements in a way that will give 
us enough data to tell what is happening locally 
so that we can make comparisons on a worldwide 
scale. 


In GLOBE, the atmospheric measurements are 
designed to be made once each day while streams, 
rivers, lakes, bays, the ocean, or ponds are 
measured weekly, and soil characteristics in a 
given place need only be measured once. Other 
measurements are taken at different intervals. 
Some measurements are snap shots - what types 
of clouds do we see right now? Some 
measurements tell us what has happened over a 
period of time - how much rain fell in the last 
day? The time scale on which we make the 
measurements allows us to analyze the different 
changes in our environment. 


Our environment also varies from place to place. 
We live on mountains, valleys, plains, and coasts. 
We live in cities, suburbs, villages, and the 
countryside. In some places grasslands, fields or 
forests surround us for as far as we can see. In 
other places, a mountain may rise next to our town 
or there may be forests, fields, and lakes all mixed 
together. On a finer scale, in one place there is a 
tree or grass, in another a road, in another a house, 
and in another a stream. Sometimes we can see 
that it is raining near-by but not where we are. 
Clearly, our environment varies on different 
distance scales. 


Students at a GLOBE school make recurring 
measurements at specific locations known as study 
sites. Again, we cannot measure everything about 
our environment everywhere, so we space our 
observations to measure the variations on their 
different spatial scales. In GLOBE, each school is 
located within their individual GLOBE Study Site, 
which is a square 15 km on a side. These sites 
can overlap or be shared among schools. In 
GLOBE, students learn how to determine the land 
cover of this whole site looking at variations down 
to a spatial scale of 30 meters. Other 
measurements are made only once at a number 
of sample sites. As the number of GLOBE schools 


increases, more of our global environment is 
covered by good measurements and variations 
over smaller distances can be studied. 


With all the changes in our environment over time 
and variations over space, our ability to 
understand our environment is limited by the 
number of measurements we can make. Each 
GLOBE school has the opportunity to add 
significantly to the total set of measurements being 
made around the world. As we keep making 
GLOBE measurements carefully and consistently, 
we are giving ourselves and everyone else a gift of 
better knowledge of our environment both locally 
and globally. 


What are the Domains of 
GLOBE Research? 


We can view the entire planet Earth as the domain 
of GLOBE science research. By collecting 
environmental data from around the world, 
scientists, teachers and students will have a better 
understanding of Earth and its interrelated cycles, 
which comprise an integrated system. While 
scientists already have access to much data about 
Earth, GLOBE students will provide important 
new data to help the scientists. One value of 
GLOBE student data is that it is worldwide, 
providing measurements from thousands of 
locations. Another value is that students do several 
different types of measurements at the same time, 
enabling scientists to study how Earths land, air, 
water and biology systems interact. Finally, 
GLOBE students contribute their own analyses 
of local study sites, becoming in a very real sense 
the world's experts on their own study areas, 
which will in turn help the scientists in their 
research. 


Currently, there are four domains of GLOBE 
scientific research. Each is detailed in one of the 
GLOBE investigations: 


Atmosphere — Students conduct daily 
measurements of cloud and contrail cover and 
type, air temperature, precipitation, precipitation 
pH, barometric pressure, relative humidity, surface 
ozone, and aerosol optical thickness. 
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Hydrology — Students do weekly measurements 
of water transparency, temperature, dissolved 
oxygen, pH, either conductivity or salinity, 
alkalinity, and nitrate-nitrogen of a body of water 
near the school. Students may also collect data 
about the types and abundances of freshwater 
microinvertebrates. 


Soil — Students expose a soil profile, take soil 
samples, and analyze them to determine the 
characteristics of various soil layers. They also do 
daily to monthly measurements of soil moisture 
at various depths and locations, and take daily to 
weekly measurements of near-surface soil 
temperature. 


Land Cover/Biology — Students study the types 
of land cover in their Land Cover Study Site, a 
15 km X 15 km area centered on their school. 
They visit multiple Land Cover Sample Sites where 
they determine the type of land cover and measure 
the amounts and species of vegetation. They then 
create a land cover type map of their Study Site 
on analysis of satellite imagery of the area and the 
observational data collected. Ultimately they track 
changes to land cover over time by comparing 
satellite imagery acquired in different years. 


In addition to these direct investigations, there are 
two supportive investigations included in GLOBE: 


Earth as a System — This investigation is 
presented in two parts. In the first, Seasons and 
Phenology, students will study biological 
indicators of seasonal changes including 
hummingbirds, lilacs, green-up and green-down, 
seaweed, and phenological gardens. A series of 
Learning Activities accompany these Protocols. The 
second part of the Earth as a System Chapter, 
Exploring the Connections, contains Learning 
Activities that help students understand the 
connections between different aspects of the 
natural world on a variety of scales, ranging from 
their own school yard to the entire earth. 


GPS — Global Positioning System (GPS) is a new 
technology that enables students to determine the 
latitude, longitude, and elevation, of various sites 
using a small hand-held receiver and a set of Earth- 
orbiting satellites. This information is essential so 
that scientists and others will always know where 
measurements were taken. 


How Is This Guide 

Organized? 

There are five investigations in this teachers guide: 
* Atmosphere Investigation. 

Hydrology Investigation. 

Soil Investigation. 


Land Cover/Biology Investigation. 
Earth as a System. 


All of the investigations have the same structure, 
as detailed below. Each provides background 
information about the subject, instructions on 
how to take GLOBE measurements, and a set of 
Learning Activities. 


In addition, there is a chapter on GPS 
measurements required for all sites, and 
instrument specifications are given in the Toolkit. 


As detailed on the next few pages, each 
investigation has the following sections: 

* Welcome to the Investigation. 

* Introduction. 

* Protocols. 

* Field/Lab Guides. 

* Looking at the Data. 

* Learning Activities. 

* Appendix. 
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Atmosphere Investigation 
at a Glance 


GQ Protocols 


Daily measurements within one hour of local solar noon: 
cloud cover and type 
precipitation (rain or snow) and snow pack including precipitation pH 
maximum and minimum temperature for the last 24 hours 
current temperature 
At least one measurement per day 
aerosol 
barometric pressure 
relative humidity 
ozone 


Suggested Sequence of Activities 


> © Read the Introduction, especially the sections What Measurements Are Taken and Getting Started. 

* Read the brief description of the learning activities at the beginning of the Learning Activities 
section. 

* Review the protocols and plan which measurements your students will take; feel free to 
start with an easily sustained level of effort and then expand. 

* Order any new or replacement instruments required. 

* Cloud measurements are the easiest place to start and are required for several other protocols 
do these activities with your students before beginning cloud observations: 

Observing, Describing, and Identifying Clouds 
Estimating Cloud Cover: A Simulation 

= Install the instrument shelter which is required for taking air temperature measurements 

* Check the calibrations of your instruments (thermometers and barometer or altimeter) 

= Have students define their Atmosphere Study Site and submit site definition data to GLOBE. 

* Install your rain gauge and barometer or altimeter and plan out measurement logistics (such 
as where will required instruments and materials stay, timing and time requirements, etc.) 

* Choose which Atmosphere Data Sheets your students will use and copy them. 

* Copy the Field Guides for the protocols your students will follow 

* Teach students how to take the measurements following the Field Guides, record their readings 
on the Data Sheet(s), and report data to GLOBE 

* Transfer to the students as much responsibility as practical for taking measurements and 
reporting data 

* Have students look at their data and comparable data from other schools. 


+ Engage students in inquiry and help middle and secondary students conduct student research 
projects using the Looking at the Data sections of the protocols. 
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Investigation at a Glance 

Each investigation begins with Investigation at a Glance. This is a quick overview of the investigation. 
It summarizes the measurements your students will do. It also recommends a sequence in which you 
can interweave the Learning Activities and the Protocols. There are many differences among schools and 
their approaches to GLOBE, and there are many differences among the needs and abilities of individual 
students. Some schools will just implement the Protocols. Others may find that students need more 
or background in the science domain in order to complete the Protocol. 


The general sequence within each investigation is, 


1. students learn about the scientists and their domain of science; 

2. students learn how to complete the Protocol, by doing pre-protocol Learning Activities, practice 
measurement techniques; 

. students begin taking measurements; and 


Ww 


ile 4. students learn more about the domain by studying their local data and data from other 
pi I schools around the world and doing post-protocol Learning Activities. 
\ 
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Soils are one of the Earth most essential natural 
resources, yet they are often taken for granted. 
Most people do not realize they are a living, 
breathing world supporting nearly all terrestrial 
life, Soils and their function within an ecosystem 
varies greatly from one location to another as а 
result of many factors, including differences in 
climate, the parent material of the soil, and the 
location of the soil on the landscape. 


Scientists, engineers, farmers, developers and 
other professionals consider a soil’ physical and 
chemical characteristics, moisture content and 
temperature to make decisions such as: 
* Where is the best place to build a 
building? 
* What types of crops will grow best in a 
particular field? 
+ Will the basement of a house flood when 
it rains? 
+ What is the quality of the groundwater in 
the area? 


Using the data collected in the GLOBE Soil 
Investigation, students help scientists describe soils. 
and understand how they function. They 
determine how soils change and the ways they 
affect other parts of the ecosystem, such as the 
climate, vegetation, and hydrology, Information 
about soils is integrated with the other GLOBE 
protocol investigations to gain a better view of 
the Earth as a system. 


Why Investigate Soils? 


Soils develop on top of the Earths land surface as 
a thin layer, known as the pedosphere. This thin. 
layer is a precious natural resource and so deeply 
affects every part of the ecosystem that it is often 
called the "great integrator." For example, Soils 
hold nutrients and water for plants and animals. 
They filter and clean water that passes through 
them. They can change the chemistry of water 
and the amount that recharges the groundwater 
or returns to the atmosphere to form rain. The 
foods we eat and most of the materials we use for 


paper, buildings, and clothing are dependent on 
soils. They play an important role in the amount 
and types of gases in the atmosphere. They store 
and transfer heat, affecting the temperature of the 
atmosphere and controlling the activities of plants 
and other organisms living in the soils. By studying 
these functions, students and sciemtists learn to 
interpret a sites climate, geology, vegetation, 
hydrology, and human history. They begin to 
understand soil as an important component of 
every ecosystem on the Earth 


Scientists Need GLOBE Data 


The data students collect through the GLOBE soil 
measurements is invaluable to scientists in many 
fields, Soil scientists use the data to better 
understand how soils form, how they should be 
managed, and what their potential is for plant 
growth. Hydrologists use the data to determine 
water movement through a soil and a watershed 
and the effect of soils on water chemistry. They 
also examine the effects of different types of soil 
on the sedimentation in rivers and lakes. 
Climatologists use soil data in climate prediction 
models. Atmospheric scientists want to know the 
effect of soils on humidity, temperature, reflected 
light, and fluxes of gases such as CO, and 
methane. Biologists examine the properties of soil 
10 understand its potential for supporting plant 
and animal life. Finally, Anthropologists study the 
soil in order to reconstruct the human history of 
an area. 


When data are available for many areas across the 
Earth, scientists study the spatial patterns of soil 
properties. When a full set of GLOBE atmosphere, 
hydrology, land cover and soils data exists at a 
specific site scientists use the information to run 
‘computer simulation models to understand how 
the whole ecosystem functions and to make 
predictions about what the ecosystem will be like 
in the future, 
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Introduction 
The Introduction section sets the stage for the investigation. It provides important background information 
and helps you and your students appreciate the science of the investigation. It includes, 
An introduction to the big picture that puts this investigation in perspective. 
Advice on how to prepare for the field work. 
* A description of the student learning goals. 
• A table of alignments to national standards. 
* Ideas on how you can assess student learning. 
These sections give you, the teacher, background information on the investigation to help you guide 
the students in their work on GLOBE. 
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Protocols 


This section describes, in detail, how to conduct the measurements required for the investigation. This 


includes, 


Alkalinity Protocol 


To measure the alkalinity of the water sample 


Overview 

Students will use an alkalinity kit to measure. 
the alkalinity in the water at their hydrology site. 
The exact procedure depends on the instructions. 
in the alkalinity kit used 


Student Outcomes 

Students will be able to use the alkalinity kit to 
Collect data accurately and precisely, explain why. 
the alkalinity measurement is important for 
understanding water chemistry, and hypothesize 
about reasons for changes in the alkalinity of a 
water body. Students will learn the difference 
between pH and alkalinity. 


Science Concepts 
Physical Sciences 
Substances have characteristic properties 


Earth and Space Science 
Water isa solvent. 
Life Sciences 
Organisms сап only survive in 
environments where their needs are met. 
Earth has many different environments that 
support different combinations of 
organisms. 
Organisms change the environment in 
which they live, 
Humans can change natural environments. 
АП organisms must be able to obtain and 
use resources while living in a constantly 
changing environment. 
Sclentific Inquiry Abilities 
Use a chemical test kit to measure alkalinity. 
Identify answerable questions. 
Design and conduct scientific 
investigations. 


Use appropriate mathematics to analyze 
data. 


Develop descriptions and explanations 
using evidence 
Recognize and analyze alternative 
explanations. 
Communicate procedures and 
explanations 
Time 
15 minutes. 
Quality contro! procedure: 20 minutes 


Level 
Middle and Secondary 


Frequency 
Weekly 
Quality Control Procedure: twice a year 


Materials and Tools 
Alkalinity Test Kit 
Hydrology Investigation Data Sheet 
Distilled water in squeeze boule 
Latex gloves. 
Safety goggles 
For Quality Control Procedure, the above 
plus: 
= Alkalinity standard 
= Hydrology Investigation Quality 
Control Procedure Data Sheet 
Preparation 
Suggested activities: Practicing Your Protocols: 
Alkalinity 


Prerequisites 


Discussion of safety procedures when using 
chemical test kits 
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* how to select the study site for the investigation; 
* the instruments you need for the investigation; 


* how to conduct the measurements; and 

* how to submit this data to the GLOBE Student Data Server. 
The precise instructions on how to conduct the measurements are called Protocols. You will need to 
read these Protocols very carefully before you take the measurements. Later in this chapter, we offer 
some advice on How to Teach a Protocol. Detailed specifications of the instruments you will need to 
complete the Protocols are provided in the Toolkit. 
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Soil Particle Size Distribution 


Lab Guide 


Task 


To determine the particle size distribution for each horizon in the sample soil profile 


What You Need 

О Dry sieved soil Û  100-mL graduated cylinder 

0 2 Liters distilled water Q Pencil or pen 

O Three 250 mL or larger, beakers О Soil dispersing reagent 

О 1 empty plastic 2 liter bottle O 500-mL clear cylinders 

О Hydrometer O Squirt bottle for washing soil out of beaker 
О Thermometer О Meter stick 

O Plastic wrap (or other cover for cylinder) O Balance accurate to within 0.1 g 


O Particle Size Distribution Data Sheet 


In the Lab 
1. Prepare the dispersing solution by mixing 50 g of Sodium 
Hexametaphosphate (or other soil dispersing agent) in 1 L of distilled 
water, Stir or shake until the dispersing agent has completely 
dissolved. 


Weigh 25 g of dried, sieved soil 
and pour it into a 250 mL or 
larger container. 
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Field/Lab Guides 


This section provides step-by-step instructions for collecting data according to the Protocols. These 
may be copied and laminated for use in the field or lab. These guides include, 


* astatement of the task to be performed; 

* a list of the materials you will need; 

* an explanation of any preparations you may need to do before going out in the field; and 
• a step-by-step explanation of what to do in the field and/or in the lab. 


The purpose of these guides is to give students concise and specific instructions to follow in the field 
or in the lab. 
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itation — 
Looking At the Data 
Are the data reasonable? 


Precipitation can vary widely, even over short dis- 
tances. So, in judging whether precipitation data 
are reasonable, common sense must be your 
guide. For example, if you lived in the state of 


a 24-hour time period is about 965 mm, Figure 
АТ.РР-2. from the National Climatic Data Center 
(NCDC) in Asheville, North Carolina in the 
U.S.A., shows you the maximum amount of pre- 
cipitation received in each state of the U.S. in a 
24 hour time period. In many areas, the maxi- 
mum amount of precipitation was the result of a 
tropical storm or hurricane that hit that region 


We can also find the total yearly precipitation for 


Hawaii, it would be helpful to know that the 
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tional Climatic Data Center, as shown in Table 
ATPP-2 


Figure AT-PP-2: Record Maximum 24-hour Precipitation (mm) through 1998 (estimated) 
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Looking at the Data 
This section has been added to encourage data use by students. This section includes three main 
sections: 

• Are the Data Reasonable? 

» This will help the students decide if the data they are collecting is within a reasonable range. 

• What do Scientists do With the Data? 

* This tells students why researchers are interested in the data they are collecting and explains 

ر 


some of the types of projects they use it for. 
* An Example of Student Investigation. 


In this section we provide one example of a project that could be done by students using the data 
collected in the Protocol. These are meant to provide students with ideas wishing to perform their own. 
investigations. 


The Looking at the Data section is designed to be used by teachers of younger students and by the older 
(4, students themselves. It is our hope that this section will facilitate student research projects using 


Ba j= GLOBE data. 
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| Purpose 
Students use GLOBE data and graphing tools 

| to compare the influence of latitude, elevation, 

| and geography on seasonal patterns. 

| Overview 

| Students analyze the graph of the past years 
maximum and minimum temperatures at their 

| site. They compare this graph to similar graphs 
fortwo other sites - one nearby and one distant. 
They list factors that might cause the patterns 
to be different, and select one to investigate in 
depth. They repeat this process with other 
parameters. Students summarize their 
investigations by describing how latitude, 
geography and elevation influence seasonal 
patterns. 


Student Outcomes 


Students will be able to: 
Interpret а graph of annual temperature 
data, 


Identify factors that account for 
temperature pattern differences; 
Compare temperature patterns on a. 
regional basis. 
Science Concepts. 
Physical Sclences 
Heat energy is transferred by conduction, 
convection and radiation. 
Heat moves from warmer to colder objects. 
Sun is a major source of energy for changes 
‘on the Earth's surface- 
Earth and Space Sciences 
Weather changes from day to day and over 
the seasons. 
Seasons result from variations in solar 
insolation resulting from the tilt of the 
Earth rotation axis, 


The sun is the major source of energy at 
Earths surface. 
Solar insolation drives atmospheric and 
ocean circulation. 
Life Sciences 
Sunlight is the major source of energy for 
єс 


osystems. 
Energy for life derives mainly from the sun- 
Living systems require a continuous input of 
energy to maintain their chemical and 
physical organizations. 
Scientific Inquiry Abilities 
Graphing GLOBE data to show seasonal 
patterns 
Comparing graphs and analyzing data to 
determine the effects of latitude, elevation 
and geographical features 
Drawing conclusions about which factors 
сап influence seasonal patterns 
Generating questions and developing 
hypotheses 
Designing and conducting an investigation 
Develop explanations and predictions using 
evidence. 
Recognize and analyze alternative 
explanations. 
Communicating conclusions to others. 
Time 
(assuming 45 minute classes) 
Day! Steps 1-3 
Day 2 Steps 4 and 5 
Steps 6-9 


Day 3 
Days 4 and 5 Steps 10 and 12 
Extension ` Step 11 


Level 
Intermediate and Advanced. 


GLOBE" 2003 


Learning Activities 
In the Learning Activities section of each investigation a set of activities is provided that you can use to 
help students learn more about the instruments and Protocols, understand the data they collect, and 
use GLOBE data to further understand the investigation’ key ideas. 


52: Factors That Affect Seasonal Patterns Learning Activity 1 


Earth System Science. 


SWM 
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At the beginning of each Learning Activity is a box containing essential information in a standard form 
to help you quickly determine whether this activity is appropriate for your students based on their 
ages, interests, and ability levels. In the box at the beginning of the Learning Activities, Time usually 
refers to the number of 50 - minute class periods recommended for this activity. Level refers to 
recommended age levels in three categories: primary (ages 5-9 years), middle (ages 10-13 years), and 
secondary (ages 14-18 years). 
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Soil Fertility Data Sheet 


Date of Sample Collection: Study Site: 
Horizon Number; Horizon Depth: Top____em Bottom, EJ 


Sample Number 1 Sample Number 2 Sample Number 3 
Nitrate (N): Nitrate (N): Nitrate (N): 

High Med__ Low . None_ High | Med | Low... None High | Med | Low__ 
Phosphorus (P): Phosphorus (P): Phosphorus (P): 
High . Med . Low . None High . Med . Low__ None High Med_ Low — 
Potassium (K): Potassium (К): Potassium (K): 
High Med Low. None. — High Med Low. None_ High Med Low 


Date of Sample Collection: Study Site: 


Horizon Number; Horizon Depth: Top. cm Bottom, ст 


Sample Number 1 Sample Number 2 Sample Number 3 
Nitrate (N): Nitrate (N): Nitrate (N): 

High Med | Low . None . High. Med Low. None . High . Med | Low. 
Phosphorus (P): Phosphorus (P): Phosphorus (P): 
High . Med | Low__ None — High . Med. Low . None . High . Med_ Low 
Potassium (K): Potassium (K): Potassium (K): 
High . Med | Low . None — High Med_ Low Мопе__ High. Med | Low 


Date of Sample Collection: Study Site 
Horizon Number: Horizon Depth: Top cm Bottom, cm 


Sample Number 1 Sample Number 2 Sample Number 3 

Nitrate (N): Nitrate (N): Nitrate (N): 

High Med__ Low... None. High Med Low. None High . Med — Low... None, - 
Phosphorus (P): Phosphorus (P): Phosphorus (P): 

High Med Low None. — High Med_ Low. None. High. Med. Low None 
Potassium (K): Potassium (K): Potassium (K): 

High. Med | Low . None . High | Med Low None — High . Med | Low . None 
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Appendix 


The Appendix to each investigation includes Data Worh Sheets that can be copied and used by students 
when they collect their data. Using these sheets reinforces the Protocols and helps students remember 
to record all needed observations. Some of the Appendices contain extensive tables or write-ups that 
students should take with them when doing the Protocols. Also, copies of the Data Entry Sheets from 
the GLOBE Student Data Server are provided. These sheets are the World Wide Web pages students 
use to enter their GLOBE data. If your school does not have access to the Web and you are using email 
or some other means to report your data, these pages will help you and your students better understand 
the data entries expected by GLOBE. A glossary is provided of the special terms used in connection 
with the inyestigation. Also, other material supportive of the investigation is included in the Appendix. 
Additional items relating to one or more investigations are found in the Toolkit. 
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Planning to Implement GLOBE in Your 
Classroom 


Generalizations About Teaching and Learning 


The following generalizations about teaching and learning provide the theoretical framework for the 
information presented in this Implementation Guide as part of the overall GLOBE Teacher's Guide. 


Generalization 1 
Students enter classrooms with common sense ideas and theories that have worked for them. These 
ideas may be contradictory to the scientific theories and principles in a specific field. 


Generalization 2 
Meaningful learning takes place in a classroom where students grapple with concepts until they develop 
their own understandings. 


Generalization 3 
Learning requires more than the acquisition of knowledge. It also requires more than hands-on; it 
must be *brains-on" as well. 


Generalization 4 

Deep understanding requires a fundamental shift in the way a learner views the world. New 
conceptualizations greatly alter pre-existing ideas. Students have to face their prior understandings 
and test them. After testing shows that there may be a better explanation then they will begin to 
change their ideas. 


Generalization 5 

Teachers must first be able to grasp how learners have conceptualized an idea in order to present 
scientific views in ways that are meaningful to the learner. Learners can then view scientific framework 
as more useful. 


Generalization 6 

Learning is an active process that requires the learner to engage fully with thinking about and with the 
content in a range of situations. Dialogue, argument, testing of ideas, and reference to evidence are 
essential to developing new frameworks and understandings. 
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Introduction 


The GLOBE Program Teachers Guide provides key 
information to teachers about how they can 
implement GLOBE activities into their classrooms. 
The Guide includes all the procedures students 
follow for taking measurements as well as the 
specifications for instruments needed to carry out 
the Protocols. Background information is presented 
to help teachers understand the science associated 
with the measurements. Recommendations are 
given for analyzing data and Learning Activities are 
supplied to help teachers introduce new concepts 
and prepare their students to collect data. 


Each chapter in the Teacher’s Guide provides 
suggestions for selecting the Protocols and Learning 
Activities to use in the classroom. Each Protocol 
and Learning Activity begins with a purpose, an 
overview, the time it takes to carry out the 
investigation, the appropriate age level, the 
frequency for taking the measurement, key concepts 
and skills students will learn, materials needed, 
preparation needed to carry out the investigation 
and any prerequisites students need to carry out 
the investigation. 


Independent evaluations have found that GLOBE 
students have higher levels of conceptual 
knowledge and procedural knowledge than 
students who do not participate in the program. 
For example, GLOBE students will have a better 
understanding of concepts such as pH and better 
procedural knowledge of things such as 
identifying appropriate sampling methods for 
various tasks. 


GLOBE students exhibit greater problem-solving 
abilities than students from non-GLOBE schools. 
These abilities include developing arguments to 
justify decisions based on evidence.! 


Meeting Student Needs 


Not all students are ready to tackle the same 
problem—at the same level of sophistication—at 
the same time. Using а student-centered approach 
to learning means teachers can more effectively 
deal with a wide range of students. GLOBE 
activities are inherently student-centered and will 
help effectively teach students of varying skills and 
ability levels. 


Students carrying out GLOBE Protocols and 
Learning Activities learn science by doing what 
scientists do. GLOBE Protocols and Learning 
Activities provide real experiences that develop 
students’ curiosity. Students manipulate 
equipment and materials to test their ideas and 
make observations. They then analyze 
observations and present findings in a number of 
ways. 


This scientific inquiry approach to learning is 
accessible to all students. The following examples 
show the suitability of GLOBE activities to a 
differentiated student body. 


Language Issues — GLOBE activities are hands- 
on. Students can participate regardless of their 
speaking skills. The Teachers Guide, including 
resource information, Learning Activities, and 
Protocols, will be available in the six United 
Nations languages (Arabic, Chinese, English, 
French, Russian, and Spanish), Some GLOBE 
countries translate the Teacher's Guide into other 
languages (e.g., Thai, German, Greek). There are 
also some countries that use GLOBE in the 
development of foreign language skills (such as 
English). 


See Appendix-Working with Language and Literacy, 
for more information. 


Learning Styles - Howard Gardner in his 
groundbreaking book, Frames of Mind, outlined 
the unique intelligences people possess. Gardner 
characterizes learners’ strengths as 


* Linguistic Intelligence; 

* Logical-Mathematical Intelligence; 
* Visual-Spatial Intelligence; 

* Musical Intelligence; 

* Bodily-Kinesthetic Intelligence; 
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* Interpersonal (Social) Intelligence; 
* Intrapersonal Intelligence; and 
* Naturalist Intelligence. 


Special Needs - GLOBE Protocols and Learning 
Activities provide opportunities for authentic 
learning based on students' needs, interests and 
talents. 


GLOBE Protocols and Learning Activities involve 
all students and help to create an environment 
where students become more active and involved 
learners. The opportunity GLOBE provides 
enables students to demonstrate and share their 
strengths. As just one example, schools for the 
deaf and hard of hearing have been full and active 
participants in GLOBE from the very beginning. 


Multiculturalism — GLOBE Protocols and Learning 
Activities are developed according to the scientific 
methods of an international body of scientists. 
They do not portray one specific group and allow 
for students of many cultural backgrounds to 
participate. 


See Appendix-Alternative Teaching Strategies, for 


information about how GLOBE helps teachers 
build on students' unique areas of strength. 


Gardner, H. (1983). Frames of Mind, NY: Basic 
Books. 


Designing Science Units 
With GLOBE Activities 


Each lesson a teacher designs in a science unit 
will consist of one or more activities that develop 
understanding of specific scientific concepts. 
Using this approach, teachers pass through a 
variety of steps in designing a science unit that 
integrates GLOBE activities. 


Step 1 

Identify concepts and skills students will learn. 
Many teachers follow National, State, or District 
Standards in deciding what students should know 
and be able to do. 


Step 2 

Match GLOBE activities to the concepts and 
skills. The introductory section of each Protocol 
and Learning Activity in this Guide lists the science 
concepts and skills that students will learn by 
doing that activity. The concepts and skills listed 
parallel National Science Education Standards in 
several GLOBE countries. 


Step 3 

Sequence Lessons into a logical order. In order 
to properly sequence lessons, teachers need to 
decide what the students will need to know before 
they begin each lesson. Organize lessons in a 
sequence that begins with the development of 
basic information and skills and steadily increases 
understanding of the subject matter. The 
introductory section of each Protocol and Learning 
Activity states the prerequisites students need in 
order to carry out the activities. 


Step 4 
Plan for Evaluation: Plan evaluation processes 
to measure student achievement of the concepts 


and skills they are expected to leatn, by carrying 
out the activities of the unit. # ® rary “, і 
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Sample Unit Integrating 
GLOBE 


This unit is designed to fully integrate GLOBE 
into classrooms focused on natural resources, 
environmental sciences, or agricultural sciences. 
It assumes that students have had prior instruction 
in posing questions and basic student inquiry/ 
research. The unit can be expanded (time wise) if 
itis necessary to add instruction or reinforcement 
of the process skills identified for this unit. 


Unit Goals: Upon completion of this unit the 
student will 


* Understand the importance of soils to the 
maintenance of earth as a system. 

* Understand the relationships between soil 
properties and various aspects of soil 
formation, uses, and processes. 

* Use equipment properly to take 
measurements; sort, analyze, interpret and 
explain measurements. 


The following sections illustrate how this unit was 
developed using the steps on the previous page. 


Step 1: 

Identify concepts and skills you want students to 
acquire. 

Content Concepts Skills 

Soil use Identify problem 

Soil formation Design experiment 

Soil composition Identify variables 

Soil properties Pose questions 

Soil types Make accurate 


Soil classification 

Soil moisture holding 
capacity 

Water infiltration 

Decomposition 

Soil fertility 

Energy transfer/soil 
as an insulator 

Acids, bases, pH and 
its measurement 

Chemical reactions 

Specific gravity 

Density, bulk density 

Solutions, suspensions, 
particle size 

Electrical resistance 


observations and 
measurements 

Use equipment 
properly 

Detect measurement 
errors 

Use math to solve 
problems 

Explain data and 
relationships 

Present data 

Communicate results; 
present findings in 
multiple formats 


GLOBE* 2003 


Introduction ~ 16 


Implementation Guide 


í 
| 


| 
] 


Step 2: 


Match these with GLOBE activities using concepts and skills identified for each Protocol and Learning 


Activity 
[ Concept or Skill Matching GLOBE Activities 
Soil use Why Study Soils?, Soil Characterization, Soil pH 


Soil formation 


E: 


From Mud Pies to Bricks, Soils in my Backyard, Soil: The 
Great Decomposer, Temperature, Characterization 


Soil composition and properties 
* Type 

* Classification 

* Moisture holding 

* Water infiltration 

* Chemical reactions 


Characterization, Temperature, Gravimetric Moisture, 
Particle Density, Bulk Density, Particle Size Distribution, pH, 
Fertility, Why Study Soils?, Just Passing Through, Making 
Mud Pies, Soil in My Backyard, Digging Around, Soils as 
Sponges, Soil: The Great Decomposer 


|_ Specific gravity 


Decomposition Soil: The Great Decomposer, Gravimetric Moisture, pH 
Soil fertility Fertility 
Energy transfer Temperature 
Acids, bases, pH pH 
Characterization 


Chemical reactions 


pH, Fertility 


Density Particle Density, Bulk Density 
Solutions Characterization 
Electrical resistance Soil Moisture Sensor 


Steps in Inquiry: 

* Identify problem 

* Pose question 

* Design experiment 
* Identify variables 

* Observe 

* Measure 


Characterization, Temperature, Gravimetric Moisture, 
Particle Density, Bulk Density, Particle Size Distribution, pH, 
Fertility, Why Study Soils?, Just Passing Through, Mahing 
Mud Pies, Soil in My Backyard, Digging Around, Soil as 
Sponges, Soil: The Great Decomposer 


Use equipment properly 


Temperature, Gravimetric Moisture, Particle Density, Bulk 
Density, Particle Size Distribution, Soil pH, Fertility 


Use math to solve problems 


Characterization, Temperature, Gravimetric Moisture, Bulk 


Density, Particle Size Distribution, Soil pH, Fertility, Just Passing 


Through, Soil as Sponges, Data Game 


Explain data and relationships All 
Present data All 
Communicate results All 
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Step 3: Sequence Lessons in Logical 
Order 

If you are using a unit plan you have previously 
developed, you can use the information from Step 
2 to integrate GLOBE Protocols and Learning 
Activities into that unit in the appropriate places. 


(Option 1: 5-6 weeks; Option 2: 2-3 weeks) 


Introduction to Soils (2 class periods) 
Importance of Soils 
Just Passing Through — GLOBE Learning 
Activity 
Introduction to Soils, continued (3 class periods) 
How Soils are Formed 
Soil Properties 


Soil Properties, continued (1 class period) 
Soil in My Backyard — GLOBE Learning 
Activity 
Introduction to Gravimetric Measurements (2-3 
class periods) 
Digging Around — GLOBE Learning Activity 
(Requires field trip) 


Optional 2 weeks 
For more in-depth instruction 
Soil Characterization (10 class periods) 
Field Measurements 
Digging pit may require 1 full day with each 
group involved 
Lab Analysis 


Introduction to Group Projects (1-2 class periods) 


Soil Moisture (2 class periods) 
Soils as Sponges – GLOBE Learning Activity 
Field Measurements 
Lab Analysis 


Soil Temperature (1 class period) 
Field Measurements 
Lab Analysis 


Water Infiltration (2 class periods) 
Field Measurements (One class period 
needed to build and test equipment ) 
Lab Analysis 
Soil the Great Decomposer — GLOBE Learning 
Activity (3 class periods, plus ongoing observation 
times) 


Group Project Presentations (2 class periods) 


Visiting Expert — Presentation by local Soil 
Conservation Service expert, soil science 
professor, geologist, etc. 


Step 4: Plan Your Evaluation 

* Unit Test 

* Performance Assessments — Classifying 
Soils, Identifying Horizons, Experimental 
Design 
Group Project Report 
Homework, Journals, In-class activities 


Instructional Strategies 
for Teaching GLOBE 
Activities 

Plan to teach GLOBE activities using scientific 
inquiry: 

* Help students pose worthwhile questions 

to research and investigate. 

* Use cooperative learning groups to carry 

out research. 

* Help students devise a plan or an 
approach for attacking the problem. 
Make available the instruments and tools 
students need. 

Encourage discourse and writing among 
students for understanding. 

Require students to justify and explain 
their answers and results with evidence 
from their investigations. 


GLOBE* 2003 


Introduction ~ 18 


Implementation Guide 


Using Scientific Inquiry in 
the Classroom 


Following are 10 actions teachers can take to 
facilitate scientific inquiry: 
1. Begin discussions with a series of 
questions: 
* What do you notice about...? 
* What do you observe about. ..? 
* Do you see any patterns...? 
* What is similar and/or different about 
and ? 
* How do you think this works? 
* Why does this work/look this way/give 
this result? 
* What questions do you have or what do 
you want to know about ___? 
* What can we do with this information? 


2. List responses on the board or overhead. 
Do not rephrase responses for students. 


3. Ask group members to comment about 
the statements or ideas. Do they make 
sense? Can they come up with reasons or 
examples to show that the idea is or is not 
valid? 

4. Ask additional questions that will 
encourage learners to search deeper for 
patterns and to make generalizations. 


5. Do not correct mistakes in the process 
used by learners. Ask if there are other 
ways to accomplish the groups goals. 


6. Do not quickly agree/disagree with 
observations/statements. However, you 
may need to provide counterexamples or 
point out implications of incorrect 
reasoning at some point. 


7. Provide examples or suggest situations if 
students are having trouble with concepts. 
Ask, “What do you think about...?” or 
“What if...?” 


8. Do not provide answers to questions 
asked of you. Instead, ask questions! 


9. If the desired response/solution is 
achieved, do not immediately move on to 
something else. Ask if anyone else had 


alternate methods for finding a solution. 
This helps learners see that most problems 
can be solved in a variety of ways. 


10. Be flexible enough to deviate from a 
planned lesson focus to respond to new 
insights and unexpected directions 
proposed by the learners.” 


See Appendix-Inquiry, for more information on 
inquiry in the classroom. 


Choosing Activities that 
Engage Students 


For students to receive the full benefit of GLOBE, 
they need to engage in projects based on their 
questions and curiosity. Consider the following. 


Situation 1 


You are teaching about the solar system and 
rotation of planets around the sun. You end with 
a discussion of earths own rotation, tilt on its axis, 
and the effect on seasons. You come to a section 
comparing seasons in the northern and southern 
hemispheres. Several students ask why this 
matters. You can... 


Option 1: Use standard videos, text, classroom 
posters, and Work Sheet resources. 


Option 2: Have students create visualizations of 
maximum temperature using the GLOBE student 
data for locations in the northern and southern 
hemispheres. They use these visualizations to 
draw conclusions about temperatures at various 
times of the year. They follow this with a 
cooperative Learning Activity to answer the 
question, “Why?” 


Option 3: Have students engage in activities to 
examine the GLOBE Earth as a Systems poster to 
draw conclusions about differences between the 
northern and southern hemisphere. 


Which of these options would you choose to engage 
students at a higher level? 


Situation 2 


Your national or statewide curriculum requires 
you to “globalize” your curriculum so students 
have an opportunity to study phenomena, 
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concepts, and principles within the context of 
other cultures and areas. You are studying the 
composition of soils and its relationship to crop 
growth. You can... 


Option 1: Use videos, text, classroom posters, 
Work Sheet resources, and the Internet to expose 
students to soils in another country. 


Option 2: Have students use GLOBE datasets to 
compare soils data from your local area to soils 
data from several locations around the world, 
particularly those areas with different climates. As 
part of their overall project, students learn about 
the kinds of agricultural crops typically grown in 
their area—these can be anything from forest 
products to flowers to food crops. Using 
GLOBEMail, students link with another GLOBE 
school in a different part of the world and begin a 
dialogue about their soils and agricultural crops. 
GLOBEMail is a special communication tool 
available only to GLOBE schools where students 
can share information on the investigation areas 
they are studying and propose ideas for joint 
research projects. 


Which of these options would you choose to engage 
students at a higher level? 


Managing Students 


Students, especially those with learning 
difficulties, learn best using hands-on activities 
reinforced by pictures, graphs, charts, and (small) 
group communications. They can maximize their 
potential for learning if their learning environment 
allows for the following: 
* Opportunities to move around. 
* Choices of activities and assessments. 
* Variety of instructional resources, 
environments, social groups. 
* To learn during the late morning, 
afternoons, and evening hours. 
* Informal seating arrangements. 
* Low light levels, and 
* Tactual/visual introductions of materials 
reinforced by kinesthetic/visual resources 
(and vice versa). (Meaning: Touching/ 
visual introductions of materials reinforced 
by opportunities to move around, body as 


communications agent, etc./visual 
opportunities to reinforce.) 


Cooperative Learning 


GLOBE Protocols and Learning Activities are hands- 
on activities requiring students to use tools and 
instruments to measure scientific data for 
investigative purposes. This hands-on approach 
to learning is best carried out by students working 
in small groups. In this manner, students share 
the work of taking a measurement and reporting 
the data they collect. 


See Appendix-Cooperative Learning, for more 
information about Cooperative Learning. 


Assessing GLOBE Activities 


The Teacher's Guide offers suggestions for assessing 
student learning for each investigation area. Areas 
for evaluation include critical thinking skills, 
communication skills, and compilation of data in 
science notebooks and reports. You may also 
decide to use one or more of the following: 

* GLOBE Portfolios. 

* Performance Tasks. 

* Rubrics. 

* Science Journals. 

* Open-Ended Questions. 

* Performance-Based Assessments. 


GLOBE provides teachers with many opportunities 
to provide performance and other assessments for 
students. Here are two examples from the Soils 
Investigation area: 


1. Provide students with three soil core 
samples and have them identify the 
horizons, with oral or written justifications 
for their answers. 

2. Have students perform N, P, K tests on soil 
sample(s) and make fertilizer 
recommendations based on the results, 
with oral or written justifications for their 
answers. 

See Appendix-Student Assessment, for more details 
about each of the Assessment Strategies identified 
above. We have also included a rubric that will be 
used to evaluate GLOBE Student Journal 
submissions. 
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Frequently Asked 
Questions About GLOBE 
Supplies and Materials 


1. Do teachers have to use special instruments 
to carry out the Protocols of the GLOBE 
Program? 

Other than GLOBE Cloud Identification, each 
investigation requires accurate, reliable, and 
calibrated instruments that meet specifications 
developed by GLOBE scientists to ensure 
consistent, accurate measurements for use by the 
international environmental science community. 


2. Where do teachers purchase the instruments 
needed to implement GLOBE? 

There are a number of manufacturers who sell 
the equipment needed to carry out the GLOBE 
Protocols. These manufacturers are advertised on 
the GLOBE Web site (www.globe.gov) on the 
Scientific Instrument and Equipment Suppliers 
page of the GLOBE Resource Room. The 
instruments sold by these vendors adhere to the 
specifications established by GLOBE scientists for 
quality data collection. The materials for the 
GLOBE Learning Activities do not require the same 
specifications as the Protocols and can be 
purchased from any vendor. The Learning Activities 
make use of common materials found in most 
schools and therefore can be easily implemented 
without a large investment in equipment. 


3. How much equipment should a school or 
teacher plan to purchase? 

Teachers will need to purchase the equipment for 
the Protocols they plan to implement in their 
classrooms. Teachers or schools may opt to buy 
kits that include instruments for all the Protocols. 
All teachers at a school can share these kits. 


However, teachers are encouraged to start “where 
they can” with GLOBE in order to become familiar 
with the Web site, entering data, and building 
student research projects into their curriculums. 
Teachers can always add equipment and supplies 
as needed. 


4. When should teachers purchase the 
equipment? 
Experience has shown that teachers who have 


GLOBE equipment to do activities \ 
and Protocols that fit within their 
curriculum — soon after they have 
been trained in the GLOBE Protocols — are 
more likely to implement the program in their 
classrooms. Teachers who have been trained and 
then have to wait for equipment tend to become 
involved in other activities and forget the training 
they received and therefore are less active 
participants in the program. 


Teachers are encouraged to implement GLOBE as 
soon as possible after they are trained—many 
Learning Activities and Protocols use equipment and 
materials already available in most schools (i.e. 
pH paper). Again, teachers can “start small” and 
build their resources and experiences with student 
scientific inquiry. 


5. Are there GLOBE protocols teachers can do 
that are inexpensive or need little equipment 
to implement? 

Some Protocols do not require expensive 
equipment. Others use equipment and supplies 
that can be constructed in the classroom or by 
developing cooperative arrangements with 
industrial arts, agriculture, or other technology 
teachers. 


The Physical Classroom 


Full-scale GLOBE implementation requires all of 
the following: 

* Outdoor sites. 

* Computing facilities. 

* Laboratory facilities. 

* Equipment and Supplies. 


However, teachers may actually be able to do 
many Learning Activities and some GLOBE 
Protocols (i.e. cloud identification) without any of 
the items mentioned above. For that reason, it is 
best for teachers to identify the areas of GLOBE 
they wish to integrate before they purchase 
equipment or develop outdoor sites. Some 
teachers find it advantageous to work with their 
administrators to outline a long-range plan for 
gradually integrating GLOBE and purchasing 
equipment and supplies over the course of a few 
months or years. 


GLOBE* 2003 


Introduction — 21 


Implementation Guide 


SWORN 


N 


подопродщ 


510201074 


m 
3 
=. 
dà 
P 
A 
2. 
s 
= 
© 
v 


xipuəddy 


Frequently Asked 
Questions About Building 
School and Community 
Resources 


1. How can parents and other community 
members be involved in Globe activities? 
There are several ways that parents and other 
community members can be involved with 
students in GLOBE activities: 


* Having parents be chaperones for students 

collecting GLOBE data; 

Hosting GLOBE nights at schools and 

inviting parents, businesspersons, and 

other community members; 

* Seeking sponsorship from various 

community organizations for GLOBE 

activities; 

Starting a GLOBE Club for during or after 

school activities and involving parents; 

and 

* Working with local senior centers to 
collect GLOBE data. 


These are just a few ideas. Once teachers and 
schools begin implementing community-based 
and interdisciplinary GLOBE projects, 
opportunities for parent and community member 
participation will arise. 


GLOBE Events 


What classroom or school-wide events can be 
organized with GLOBE activities? 


Following are a few examples of school events 
that can be organized around GLOBE activities: 


* Science Discovery Days on which teachers 

and students organize activities for parents 

and the public to witness students taking 

GLOBE measurements and inputting 

GLOBE data into the computer. 

Science Fairs incorporating GLOBE 

investigations at all grade levels. 

* Enviro-Thons and other competition- 
based programs in which students carry 
out GLOBE measurements. 


* Poster Contests based on GLOBE themes. 

* Design Contests in which teams design 
research projects. 

* Essay Contests focused on the outcomes of 
a local GLOBE research project. 


General Resources 


What resources are available to teachers for 
classroom implementation of GLOBE? 
GLOBE makes a variety of resources available to 
teachers for integrating GLOBE into their 
curriculums, including, 

* lesson plan templates; 

* sample lesson plans; 

* helpful hints; 

* resource information and sources to help 
design and implement scientific inquiry; 
and 

* interactive Web Pages. 


Recognizing Students 


The GLOBE Web site offers teachers certificates 
that can be used to recognize individual GLOBE 
students. These can be accessed in the Resource 
Room under Instructional Resources. Click on 
GLOBE Star Certificate to download and print 
certificates from the Web. 


The GLOBE Web site also hosts GLOBE Stars, 
which feature students, teachers, schools, and 
friends of GLOBE who have earned special 
recognition for their contributions to the GLOBE 
program and its goals. 


Also posted online is the Chief Scientists Honor 
Roll that recognizes schools for collecting GLOBE 
data in ways that are particularly useful for science. 
The Chief Scientist also sends students and their 
teachers special recognition in the form of thank 
you letters for long-term data collection. 


References 


1 SRI International, Center for Technology in 
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? Adapted from Pisaura, J. Instructional Tips for 
Facilitating Inquiry Discussions. ENC Focus, 9(4):23. 
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Unit: 


Atmosphere 


SubUnit: 


Introduction to Scientific Inquiry 


Topic: 
Maximum, Minimum, and Current Air 
Temperature: Are the data reasonable? 


Time: 
Approximately 1 week (Five 45-minute lessons) 


This subunit is designed to be used as an 
introduction to scientific inquiry as part of the 
overall atmosphere unit. The lessons take students 
through a series of investigations of actual 
recorded temperature measurements using 
GLOBE student datasets. Students will work with 
visualizations and graphs, in order to compare and 
contrast data points, and explore how research 
investigations can be conducted using GLOBE 
student data. 


Note: Lessons 1 and 2 may be conducted as a 2- 
day series of lessons if one week is not available 
for this unit. Or, you may use Lessons 3 — 5 at 
later time periods in your curriculum to introduce 
additional data review. 


Standards: 

Science as Inquiry 

Earth and Space Science 
Physical and Life Science 


Learning Objective(s): 

Upon completion of this unit, students will be 

able to, 

1. interpret data represented in graph, map, 

and table form; 

2. use the GLOBE Visualizations pages to 
create a graph of maximum, minimum, 
and current temperatures for a specified 
location; 

. use the GLOBE Visualizations pages to 
create a map; 

4. describe energy exchange as a function of 
atmospheric and surface temperatures; 
and 

. identify options for student research using 
the GLOBE student data. 


Materials/Equipment needed: 
Handouts (Exercise directions and Work 
Sheets) 
Overheads of handouts 
Overhead of Figure 1 
Computer(s) with Internet access (one/group 
of 2-4 students) 
Map of Europe, World Atlas or a Globe for 
reference 
Note: If you have limited access to computers/ 
lab, you will still find it useful to select one or a 
few of the following exercises to familiarize your 
students with using GLOBE visualizations to 
determine reasonableness of data. This unit 
assumes that students have basic keyboarding 
skills. 
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1. Lesson Prep 


Make arrangements in advance to use a computer 
lab at school so that there is one computer per 
each 2-4 students. Ideally, this exercise works best 
with student groups of two. All lesson activities 
should occur in the lab, if possible. Have overhead 
prepared of Figure 1 (See attached). You may wish 
to provide each student or group of 2-4 with a 
copy of Figure 1. Have the overhead of Figure 1 
displayed on the screen as students enter the 
room. 


Display the following formula on the board: 
qun йр and T. £T 


Make certain that all computers are booted up, 
online, and that the GLOBE Home page 
(www.globe.gov) is displayed. Each student 
should have a copy of the handout/Work Sheet for 
Exercise 1. 


2. Lesson Introduction 


(10 minutes) 

Tell students they will be working the next few 
days on some activities to help them make 
decisions about whether data are “reasonable” or 
make sense. Ask them if they know why this is 
important (accurate observations, so results are true 
and correct, prompt with issues in agricultural, 
medical, or other research areas). 


Tell students that the first step in looking at 
temperature data is to see if the data seem 
reasonable and make sense. Air temperature varies 
over a 24-hour period. Point to Figure 1 and tell 
students that this shows an example of actual 
recorded temperature variation over a 24-hour 
period. Ask if someone can identify how often the 
temperature is recorded on this graph (every 45 
minutes). Ask for 2 student volunteers to come up 
front to point out the (1) highest (maximum) 
temperature for the day and the (2) lowest 
(minimum) temperature for the. day on the overhead. 


Point to the formula displayed on the board and 
ask students to copy it in their Journals. Ask them 
to discuss what it means. (Max. temperature must 
be highest for the 24-hour period—including current 


temperature— and Min. temperature must be the 
lowest—including current temperature.) Ask students 
if someone can tell you what it means if that is nor 
true. (If that is not true, then something is wrong with 
the recorded maximum and minimum temperatures for 
the day.) 


3. Exercise 1: 


(20-25 minutes) 

Creating a Graph of Maximum, Minimum, and 
Current Temperatures. Provide each student or student 
group with the Work Sheet for Exercise 1. You will need 
access to a computer lab for this exercise. 


4. Wrap-Up 

(10-15 minutes) 

Ask students to turn off computer monitors, if 
possible, so you can focus on a whole class 
discussion of Question 1 from the Work Sheet. Ask 
students if they have any comments to make about 
the graph that they viewed. Discuss these, as 
appropriate. Identify any problems with accessing 
the GLOBE Web site or using the Visualizations 
pages to address at a future time. 


Discuss student responses to Question 1 (an incorrect 
maximum temperature would be a point lower than 
some other point on the graph, or lower than current 
temperature). Ask students what an error in 
minimum temperature would look like on the graph 
(a point higher than some other point on the graph, or 
higher than current temperature). 


5. Assignment 


Students must watch an evening news program or 
read a newspaper and record in their Journals the 
minimum and maximum temperatures for the past 
24 hours, as well as the current temperature— 
noting the time. They should write a short paragraph 
describing these temperatures in relationship to one 
another and using the formula they recorded in their 
journals at the beginning of class. Students should 
also record the predicted maximum and minimum 
temperature for the following day. 


6. Evaluation 


Evaluation of written assignment to assess 
understanding of the relationship between 
maximum, minimum, and current temperatures. 
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Procedures (Class Period 2): 


1. Lesson Prep 

Make arrangements in advance to use computer 
lab at school so that there is one computer per 
each 2-4 students. Ideally, this exercise works best 
with student groups of two. All lesson activities 
should occur in the lab, if possible. Each student 
should have a copy of the handout/Work Sheet for 
Exercise 2. Make certain that all computers are 
booted up, online, and that the GLOBE Home 
page is displayed (www.globe.gov). 


Create an area on the board to record the Current 
Temperature (Note the time), Maximum 
Temperature, and Minimum Temperature for 1) 
yesterday and 2) predicted for today. 


2. Review 
(5 minutes) 


Ask students what they found out about 
yesterdays temperature range and that predicted 
for today from watching the news or reading a 
newspaper. Record on board. Discuss what 
maximum and minimum temperature each mean 
and how they each can be located on a graph. 


3. Lesson Introduction 
(5 minutes) 


Tell students that another check on reasonableness 
of data for a single day is to compare them with 
data from other, near-by GLOBE schools or other 
sources of temperature data. Ask students if they 
know of any data sources other than the GLOBE 
Web site (newspaper, computer sites, radio, TV 
reports). Tell them that they will be creating maps 
using the GLOBE Visualizations pages to look at 
temperatures for a GLOBE school to compare 
them to other GLOBE schools that have entered 
data. 


4. Lesson Activity 
(30 minutes) 


Pass out handout/Work Sheet for Exercise 2. Assist 
students as needed to complete activity. 


5. Wrap-Up 

About five minutes before end of class, ask 
students to put work away and prepare to leave. 
Assess how many students have completed 
Exercise 2. If all students have completed Exercise 
2, tell them they will be completing a new activity 
the next day using the GLOBE visualizations 


pages. 
6. Assignment(s) 
7. Evaluation 
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Procedures (Class Period 3): 


1. Lesson Prep 


If students have not completed Exercise 2, they should 
have time to complete it today. Make arrangements 
in advance to use computer lab at school so that 
there is a minimum of one per each 2-4 students. 


If Starting a New Exercise: Make arrangements 
in advance to use computer lab at school so that 
there is one computer per each 2-4 students. 
Ideally, this exercise works best with student 
groups of two. All lesson activities should occur 
in the lab, if possible. Each student should have a 
copy of the handout/Work Sheet for Exercise 3. 
Make certain that all computers are booted up, 
online, and that the GLOBE Home page is 
displayed (www.globe.gov). 


The following procedures are for Exercise 3. 


Create a table on the board: 


2. Review 

(5 minutes) 

Tell students you want to summarize the results 
of Exercise 2 and ask for volunteers to state what 
they learned. Record 3-5 statements on the board. 
Using a side board is helpful for this so the 
information can remain throughout the lesson. 


3. Lesson Introduction 
(3 minutes) 


Tell students they are going to work in groups 
today to examine average temperatures. Divide 
students into groups of 3-4. Each group should 
have a reader and a recorder. Pass out handouts/ 
Worh Sheets for Exercise 3. 


4. Cooperative Learning Activity 
(25 minutes) 


Conduct Exercise 3. 


School Max. Temperature 


Min. Temperature Average Temperature 


5. Wrap-Up 
(10 minutes) 


Ask presenter for each group to come to the front 
of the room and record their groups' results in 
the table on the board. Ask students to examine 
data on table to see if it *makes sense." Discuss. 
Have students copy table in their Journals. 


6. Assignment(s) 

Students summarize information from Exercises 
1 — 3 and discuss the importance of having this 
information. They also discuss whether the data 
are reasonable and provide a rationale. 


7. Evaluation 
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1. Lesson Prep 


Make arrangements in advance to use computer 
lab at school so that there is one computer per 
each 2-4 students. Ideally, this exercise works best 
with student groups of two. All lesson activities 
should occur in the lab, if possible. Each student 
should have a copy of the handout/Work Sheet for 
Exercise 4. Make certain that all computers are 
booted up, online, and that the GLOBE Home 
page is displayed (www.globe.gov). 


Table of average temperatures from day before 
should be on board. 


2. Review 
(3 minutes) 


Ask students why it is important to know average 
temperatures (predict weather, make plans, travel). 


3. Lesson Introduction 
(10 minutes) 


Tell students today they are going to look at a 
years worth of minimum temperature data for one 
school. Ask if anyone can tell why this might be 
interesting or important data to have? (planting 
gardens, flowers or crops; filling swimming pool, 
vacation schedule) 


Tell students that researchers compare 
temperatures, average temperatures, and 
temperature extremes between different locations. 
The researchers compare monthly average 
temperatures from one year to another, and look 
at patterns of monthly average temperatures over 
a year. It is also interesting to look for the first 
and last days of a cold season when the minimum 
temperature is below freezing, and to see if these 
times correspond to other things we can observe 
— such as buds appearing on a tree or birds flying 
south (or north). 


4. Lesson Activity 
G0 minutes) 


Pass out handout/Work Sheet for Exercise 4. Assist 
students as needed to complete activity. 

5. Wrap-Up 

(3 minutes) 


Tell students that they will be looking at a research 
project using GLOBE student data tomorrow. This 
will help them see how the data are used to answer 
a question or solve a problem. 


6. Assignment(s). 
Students should make certain all Work Sheets are 
completed. 


7. Evaluation 
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Procedures (Class Period 5): 


1. Lesson Prep 


Make arrangements in advance to use computer 
lab at school so that there is one computer per 
each 2-4 students. Ideally, this exercise works best 
with student groups of two. All lesson activities 
should occur in the lab, if possible. Each student 
should have a copy of the handout/Work Sheet for 
Exercise 5. Make certain that all computers are 
booted up, online, and that the GLOBE Home 
page is displayed. 


Write on the board/overhead master and have 
visible as students enter the room: 


A student at the school in Humpolec, Czech 
Republic, looks at maps, graphs, and tables 
of temperature for several days in April 
1995 using the GLOBE Visualization pages. 
She notices that the temperature values 
for the schools in Prague are warmer than 
those for her school for a number of days. 
She wonders if this could be true on average. 


Write the following hypothesis on the board and 
cover with a map, poster, or other means: 


Monthly average temperatures in Praha 


(Prague) are warmer than monthly average 
temperatures in Humpolec. 


Have a world map or atlas handy to point out the 
location of the Czech Republic and the cities of 
Humpolec and Praha (Prague). 


2. Lesson Introduction 
(5-10 minutes) 


Ask students if anyone wants to make a statement, 
state a hypothesis, or make a prediction about 
what the girl observed? Brainstorm ideas for a few 
minutes. 


Tell them that a simple starting point for the girls 
research was a hypothesis that she developed — 
reveal hypothesis written on the board. 


3. Lesson Activity 
(30-35 minutes) 


Pass out handout/Work Sheet for Exercise 5. Assist 
students as needed to complete activity. 


4. Wrap-Up 

Tell students that they will be given a situation to 
investigate as a group project that will require the 
use of the GLOBE Visualizations pages. 


5. Assignment(s) 


6. Evaluation 


* Evaluation of written assignments. 

* Performance assessment of problem- 
solving exercise. 

* Ongoing assessment of ability to review 
and analyze GLOBE data in graph, map, 
and tabular form. 
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Work Sheet 


Exercise 1: Creating a Graph of Maximum, Minimum, and Current Temperatures 


Create a graph of maximum, minimum, and current temperature for Gymnazium Dr. A Hrdlicky in 
Humpolec, Czech Republic for April 1998. 


Step 1: From the GLOBE Home page, click on Enter the GLOBE Site. 


Step 2: Click on Maps and Graphs. 
Step 3: Click on Search. 
Step 4: Under “School, City, or Teacher Name" — Type in *Humpolec" and then click on Go. 


Step 5: Check the box next to Gymnazium Dr. A Hrdlichy to choose this school, and then click on Go 
next to “Make a Graph" Above. (Wait patiently for graph to appear.) 


Step 6: Scroll down this page and then back up to see what is here besides the graph. 


Step 7: Look under the list of “CURRENTLY SELECTED DATASETS”. Hold down the control key (for 
PCs) or command key (for Macs) key on the keyboard and click on Minimum Temperature to 
add this dataset to the graph. This is called a “control click.” Click on Redraw. (Wait patiently 
for graph to redraw.) 


Step 8: Control click on Current Temperature under the list of “CURRENTLY SELECTED DATASETS” 
to add this dataset to the graph. Click on Redraw. 


Step 9: To change the starting date shown on the graph, click on the down arrow next to “1996”, Click 
on 1998. Click on the down arrow next to “08”. Scroll up on the list that appears, and click on 
04. Click on Redraw. 


Step 10: To change the ending date of the graph, click on the down arrow next to “2003” (or the 
current year). Click on 1998. Change the month to 04; change the day to 30. Click on Redraw. 


Question 1: 


What would an error in maximum temperature look like on the graph? 


Hint: Compare the maximum temperature for one day with the current temperature from the day 
before. Do the same for the minimum temperature. 
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Exercise 2: Creating Maps 


Exercise 2a: 
Step 1: Under "Selected Schools," under Gymnazium Dr. A Hrdlicky, click on [Мар]. 


Step 2: The date has now jumped to today’s date. Change the date to April 15, 1998 by changing the 
values given under “Date (year, month, day)". Click on Redraw map. 


Step 3: Check the writing on the left-hand side of the box surrounding the map to see how many 
schools are included in the map. 


Number of Schools: 


Question 2a: 


Are the values from these schools consistent with the value for Gymnazium Dr. A Hrdlicky, which is in 
the center of the map? 


Why or why not? 


Exercise 2b: 


Create a map centered on Gymnazium Dr. A Hrdlicky, showing data from this same area for minimum 
temperature on April 22, 1998. (Hint: Just change the date.) 


Question 2b: 
How many schools' data are shown on the map? 
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Atmosphere Unit Work Sheet: Exercise 2 - Page 2 


Exercise 2c: 


Create a map still centered on Gymnazium Dr. A Hrdlicky, showing data from a larger area for minimum 
temperature on April 22, 1998. 


Step 1: On the bar with the magnifying glass icon next to the map, click on 16. 


Question 2c: 
How many schools' data are shown? 


How many of the schools shown are in Austria? 


Exercise 2d: 


Create a map still centered on Gymnazium Dr. A Hrdlichy, showing data from an even larger area for 
minimum temperature on April 22, 1998. 


Step 1: In the box "Click on map to:", click on the circle on the right side of the word "zoom" to 
change the response to clicking on the map itself. 


Step 2: Click anywhere on the map itself to zoom out one increment. 


Question 2d: 


How many schools that are shown reported a minimum temperature below freezing for this date? 
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Work Sheet 


Exercise 3: Average Temperature 


Reader: Read the following paragraph to your group. 


Recorder: Review responses to question for Group Discussion and record. Make sure group members 
record accurate observations for the exercise below. 


Presenter(s): Will present results of group work to entire class. 


In any day, the exchange of energy is related to the difference in the daily average temperatures of 
the atmosphere and surface. For most places, air temperature changes as weather systems move 
across the region in a series of cold fronts and warm fronts. The exact timing of these weather 
systems varies from year-to-year so comparing temperatures from June 3, 2001 to temperatures 
on June 3, 2002 doesn't really tell you much about climate change. To get at year-to-year changes, 
you have to calculate averages of temperatures over multiple weather systems. A month is long 
enough to average out the effects of individual storms, but that doesn't help you look at changes 
from season to season. 


Group Discussion: 
Why do you think this is true? 


The average temperature for a day can be estimated by averaging the maximum and minimum 
temperatures for that day. Research has shown that this estimate is generally within 0.1" C of the actual 
average value. 


Exercise 3a: 
For one of the schools on the map produced in Exercise 2d, find the maximum and minimum 
temperature values for April 22, 1998. 


Step 1: In the box “Click on map to:”, click on the circle on the left side of the words “choose site” to 
change the response to clicking on the map itself. 


Step 2: Double-Click on the data point for any school on the map itself to see data for this day for this 
school. 


Step 3: Scroll down to see the table. 


Question 3: 
You will now calculate the average temperature for this day at the school you have chosen? 


The presenter will record this temperature on the board. 


School Name: 


T de T = 


тах min 


average _ 
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Atmosphere Unit Work Sheet: Exercise 3 – Page 2 
Exercise 3b: 


Step 1: Look at the list under “Datasets in this category”. Click on Mean Temperature. Then click on 
Redraw. 


Step 2: In the “Other Options? list, click on the down arrow next to the word “Select Option”. Click 
on Show Table in the list that appears. You may have to scroll down to see the Show Table 
option. Then click on Go. 


Step 3: Scroll down on the resulting page. Below the map and the map controls, you should see a 
table that shows the average temperature and maximum and minimum temperatures for each 
school shown on the map. 


Question 3b: 
What was the average temperature at Gymnazium Dr. A. Hrdlicky for April 22, 1998? 


T „(April 22,1998) = УС; 


average 


Journal Writing Assignment: Each group member should write an essay in his/her Journal to discuss 


the paragraph below. Provide an example of what it means in terms of plants and animals in your 
community or around your home. 


Most living things are sensitive to the extremes in temperature. This is particularly true when 
temperatures go below the freezing point of water (0.0* C). Looking at the minimum temperatures 
reported by a school reveals when these conditions begin and end each year. Why is it important to have 
this information? 
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Work Sheet 


Exercise 4: Yearly Average Temperatures. 
Create a graph of minimum temperature for Moreau Elementary School, South Glens Falls, NY, US, 
for 1998 and a table of these data. 


Step 1: From the GLOBE Home page, click on Enter the GLOBE Site. 
Step 2: Click on Maps and Graphs. 
Step 3: Click on Search. Type in “Moreau”, and click on Go. 


Step 4: Click on the box next to the schools name. Click on Go next to "Make a Graph". 


Step 5: Change the dates to 1998 01 01 through 1998 12 31. Select Minimum Temperature. Click 
on Redraw. 


Step 6: Under “Other Options" select Show Table and click on Go. 


Questions 4: 
What was the last day in the spring of 1998 when the temperature at this school was below 0.0° C? 


What was the first day in the fall of 1998 when the temperature at this school went below 0.0* C? 


What do you think these temperatures on these dates mean? 


In comparing schools, remember that the atmosphere gets colder as elevation increases. Also, most 
large cities are warmer than the surrounding countryside. This is called the urban heat island. 


Can you think of any reason why large cities are warmer than the surrounding countryside? 
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Exercise 5: Conducting Research Using GLOBE Visualization pages 


Create a table of the monthly average temperature values for the schools in the area of Humpolec, CZ 
for April 1998. 


Step 1: Using the appropriate steps from the earlier exercises, create a map for maximum temperature 
for any day in April 1998, at magnification 32 centered on Humpolec, CZ, Gymnazium Dr. A. 
Hradlichy. 


Step 2: Change the “Category” from Measurements to Summaries. Click on the down arrow next to 
the word “Measurements”. Click on Summaries in the list that appears. Then click on Redraw, 


Step 3: Look at the list under *Datasets in this Category". Click on Mean Temperature — Monthly 
Average. Then click on Redraw. 


Step 4: In the “Other Options” list, click on the down arrow next to the word “Select Option". Click 
on Show Table in the list that appears. Then click on Go. 


Note: If the list contains “Hide Table" instead of “Show Table" then the table is already being 
displayed. Go on to the next step. 


w 


Step 5: Scroll down on the resulting page. Below the map and the map controls, you should see a 
table that shows the monthly average temperature and average maximum and minimum 
temperatures for each school shown on the map. 


Question 5a: 


What are the average temperatures for April 1998 for Praha and for Humpolec (Gymnasium Dr. A 
Hrdlicky)? 


Praha: (e Humpolec же 


The student's hypothesis: Monthly average temperatures іп Prague are warmer than monthly average 
temperatures in Humpolec. 


Question 5b: 
Is the student's hypothesis supported by these data? 
Why or why not? 


Question 5c: ^ 
What do you think this student could do to further test her hypothesis? 
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Sample Soils Unit Plan 


Unit: 


Soils 


Topic: 
Introduction to Soils; Soil Formation; Soil 
Characterization 


Time: 
Option 1: 5-6 Weeks; Option 2: 2-3 Weeks 


This soils unit is designed to fully integrate GLOBE 
into classrooms focused on natural resources, 
environmental sciences, or agricultural science. 
It assumes that students have had prior instruction 
in posing questions and basic student inquiry/ 
research. The unit can be expanded (time wise) if 
it is necessary to add instruction or reinforcement 
of the process skills identified for this unit. 


Suggestions are provided at the end of the Unit 
Plan for use of stand-alone lessons and activities 
in classrooms where a nominal introduction to 
soils is planned. 


Standards: 

Science as Inquiry 
Physical and Life Science 
Earth Science 

Science and Technology 
History of Natural Science 


Learning Objectives: 
Upon completion of this unit the student will be 
able to, 


1. understand the importance of soils to 
maintenance of earth as a system; 

2. understand the relationships between soil 
properties and various aspects of soil 
formation, uses, and processes; and 

3. use equipment properly to take 
measurements; sort, analyze, interpret and 
explain measurements. 


Materials/Equipment needed: 
Identified with each individual lesson 


Chronology of Topics and Activities 
(Option 1: 5-6 weeks; Option 2: 2-3 weeks) 


Introduction to Soils (2 class periods) (Lesson 
Plans Attached) 

Importance of Soils 

Just Passing Through — GLOBE Learning 

Activity 

Introduction to Soils, continued (3 class periods) 
(Lesson Plans Attached) 

How Soils are Formed 

Soil Properties 


Soil Properties, continued (1 class period) 

Soil in My Backyard — GLOBE Learning Activity 
Introduction to Gravimetric Measurements (2-3 
class periods) 

Digging Around — GLOBE Learning Activity 

Requires field trip) 
Optional 2 weeks 
For more in-depth instruction 
Soil Characterization (10 class periods) 

Field Measurements 

Digging pit may require one full day with 

each group 

Lab Analysis 


Introduction to Group Projects (1-2 class periods) 
Soil Moisture (2 class periods) 


Soils as Sponges — GLOBE Learning Activity 
Field Measurements 
Lab Analysis 


Soil Temperature (1 class period) 
Field Measurements 
Lab Analysis 


Water Infiltration (2 class periods) 
Field Measurements (One class period 
needed to build and test equipment ) 
Lab Analysis 
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Soil the Great Decomposer — GLOBE Learning 
Activity (3 class periods, plus ongoing observation 
times) 

Group Project Presentations (2 class periods) 


Visiting Expert — Presentation by local USGS or 
Soil Conservation Service expert, soil science 
professor, geologist, etc. 


Optional Activities: 

1. The Data Game — GLOBE Learning Activity 
(Use if unit occurs early in the year, or if 
students need instruction and/or 
reinforcement on minimizing errors in 
data measurements). 

2. Making Sense of the Particle Size Distribution 
— GLOBE Learning Activity. Use this 
activity for students needing enrichment 
activities, for students enrolled in 
agricultural education, with students in 
upper grades of junior high, or as a special 
project. 
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Sample Soils Lesson Plan 


Unit: 
Soils 


Topic: 


Introduction to Soils — Part I 


Time: 
2 class periods 


This lesson is the first lesson in a Soils Unit 
designed for Grades 6-10. The lesson spans two 
days and introduces students to the importance 
of soil; students will also explore various soil 
characteristics that they will investigate to greater 
depth later in the unit such as color, texture, and 
water-holding capacity. 


Standards: 

Science as Inquiry 

Science in Personal and Social Perspectives 
, Earth Science 


Learning Objective(s): 


Upon completion of this lesson, the student will, 


1. list common uses of soil and discuss its 
importance; 

. develop an awareness of soil properties 
that influence water infiltration and flow 
rates; 

. explain how soil affects water as it passes 
through; 

4. improve observation skills; and 

. Work cooperatively in a group to improve 
skills in scientific inquiry. 
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Materials/Equipment Needed: 


Index cards 

100 Zip-Loc sandwich bags 

Four clear 2-liter bottles 

Four 500-ml beakers 

Four 500-ml of bottled water (distilled or 
bottled) 

Four 500-ml of bottled water to which salt, 
vinegar, and baking soda have been added 

Fire window screen or panty hose material 

Rubber bands 

Construction paper or newsprint 

pH paper, pen or meter 

Worh Sheets and handouts (The Importance of 
Soil; Just Passing Through) 

Masking tape 

Scissors 

Markers 

Soil samples: clay kitty litter, potting soil, 
sand, mulch, local soil sample(s). 


GLOBE* 2003 


Introduction - 39 


Implementation Guide 


uononpoau] 


SJO2010Jd 


р 
£9 
= 
= 
E 

qe 
> 
a 
= 
= 
@ 
wu 


xipuaddy 


Procedures (Class Period 1): 


1, Lesson Prep 

Assemble the Just Passing Through apparatus using 
the instructions from the GLOBE Teachers Guide 
(Soil Learning Activities). 


Have two sections identified on the board (to 
create lists) with the following headings: a) What 
is Soil? and b) Why is Soil Important. A side 
blackboard/whiteboard is good for this activity, 
or post-it easel pads, so the lists can remain on 
the board overnight or longer. 


Also, each worktable or desk grouping (4-6 
students) should have four small plastic bags with 
the different soil types used in the Just Passing 
Through apparatus in the center ofthe table (about 
1/2 cup in each bag). Provide four pieces of 
newsprint or construction paper per group, and 
markers. Copy Think-Pair-Share Activity Sheets. 


2. Lesson Introduction 

(2-3 minutes) 

Have the Just Passing Through apparatus set up in 
front of the classroom as a motivator. Once 
students are seated, ask them if they know what 
word or words can describe what is in the 2-liter 
bottles (looking for soil or “soil-like” substances as 
responses). Tell students that they are going to 
begin a unit about soil and that you first want to 
see what ideas they already have about soil and 
how important it is. 


3. Cooperative Learning Activity 

(25-30 minutes) 

Think-Pair-Share 

Distribute Think-Pair-Share Activity Sheets to 
students. Review directions with students and 
have them complete the activity in groups of two 
as indicated in the directions. Monitor time and 
move the students to next activity when appropriate. 


Keep students on task. At end of pairing activity, 
ask the presenters from each group to share 
responses for the group. You should write each 
different response on sections of the board as 
groups present their information. 


Group Processing 


Discuss items on lists with group. Ask students if 
there are any surprises? Ask them if there are any 
items on the lists that they are not sure about and 
where we could check on those items to clarify Ask 
if there are any missing items from the list, and add 
those as they are presented. 


4, Wrap-Up 
Ask students to copy lists from board in their 
journals or notebooks. 


Wrap-Up Only for Extra Time 
(or for extended class period) 


Ask each group of 3-4 students to pour out the small 
samples of soils on their table or work areas onto 
separate pieces of construction paper or newsprint. 
Ask them to discuss and record in their journals) 
A description of each sample and b) How the 
samples are alike and how they are different. 


5. Assignment(s) 


a. Provide students with a Zip-Loc style 
sandwich bag so that they can bring soil 
samples to class tomorrow. Students should 
write their names on the bag using a marker. 
The soil will be used in a later lesson. 

b. Journal assignment: Write two paragraphs in 
journal. One paragraph should describe 
what soil is and the other paragraph should 
explain why soil is important. Students will 
have the opportunity to review and revise 
these paragraphs at the end of the unit for 
inclusion in their portfolios. 

Hint: Printing instructions on large labels and 
placing on index cards saves time. 


6. Evaluation 


a. Student journal assignments, both original 
and revised, will be reviewed as part of 
portfolio review process in order to 
determine if they understand the basic 
concept of what is soil as well as the 
importance of soil. 

b. Unit and/or semester objective test will 
include items related to the importance of 
soil and factors that influence water 
infiltration and flow-through rates (also 
covered to more depth in later lessons). 
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Procedures (Class Period 2): 


I. Lesson Prep 


Student tables or desk groupings for 3-4 students 
should have one bottle from the Just Passing 
Through apparatus. You will need four 500-ml 
bottles of water to which either vinegar or baking 
soda has been added — keep these at teachers desk 
area for use later if time permits. Label bottles 
with what has been added. Students will check 
pH during activity. The following items are also 
needed at each table: 


* Copy Just Passing Through Work Sheet 

* pH paper. 

* One 500-ml bottle of distilled or bottled 
water with pH between 6.5 and 7.5. You 
should check the pH prior to class. Label 
as "Water Only" and with the pH. 

Note: One of the 2-liter bottles to be 
placed on the tables should contain fairly 
wet soil. 


2. Lesson Introduction 


(5 minutes) 


Ask students what kinds of things they observe 
about the soil samples they have brought in from 
home. (Some anticipated responses would include the 
color of each, how they may feel and look, etc.) If 
students have not touched or felt the soil samples, 
direct them to do so at this time. Ask students if 
they think there is a unique relationship between 
soil and water—caused by some of the things they 
observe about their soil samples. Ask why they 
think this. Explain that today they will be 
beginning to explore how water moves through 
soil. Have students put their soil samples back 
into their plastic bags and set aside. 


3. Inquiry Activity/Just Passing 
Through 
(25-30 minutes) 


Provide students with Background Information 
and Just Passing Through Work Sheet. Allow them 
to work together in groups of 4-6; monitor time 
so that you allow at least 5 minutes for a wrap-up 
and some discussion. 


a. Groups can complete a “For Extra Time” 
activity if time permitting, but a whole- 
class wrap-up and discussion should be 
planned for the last 5 minutes of class. 


4. Wrap-Up 
(5 minutes) 


Take a survey of the results to see how accurate 
groups' predictions were. Ask students to 
comment on the discrepancies. 


a. Ask students if they can now feel moisture 
in the soil in the bottles. Assuming that all 
will, ask them what will happen if you add 
another 500-ml of water to the bottles. 

. Ask students if they can identify what 
properties of the soil in their bottles might 
have caused the water to flow at a certain 
rate, its color, pH change, etc. 

c. Tell students that the rest of the soil unit 

will provide them with answers to those 
questions. 


o 


5. Assignment(s) 


Journal — Revisit previous entries. Add any missing 
information. Write an additional paragraph 
describing the dynamics of how water moves 
through soils and what factors (soil characteristics) 
may be affected by this processes 


6. Evaluation 


Unit and/or semester objective test will include 
items related to the importance of soil and factors 
that influence water infiltration and flow-through 
rates (also covered to more depth in later lessons). 
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Introduction to Soils — Part 1 


The Importance of Soil Work Sheet " 
(Think-Pair-Share Activity) 


Name: Partner: 


Part 1 


Think quietly about what you already know and think about soil and why soil is important. Write at 
least one thing you know about soil and two ways that soil is important in the space below. ) You have 2-3 
minutes for this part of the activity.) 


1. What I know about soil 


2. Soil is important because 


Soil is important because 


Part 2 » 


Pair up with the person sitting next to you. Discuss your answers recorded above. The two of you 
should decide on what information you will share with your classmates. (You have 5-7 minutes for 
this part of the activity.) 


Roles: Recorder — You will write down the ideas in the spaces below. 


Presenter — You will share your answers with the class. 


1. What we know about soil 


2. Soil is important because 


Soil is important because 


Part 3 


The presenter will share information with the rest of the class. 
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Introduction to Soils — Part 1 


Just Passing Through Work Sheet 


Soils are a thin layer on top of most of the land on Earth. Soil affects every part of the ecosystem and 
performs important functions for life on Earth: 


1. Soils hold nutrients and water for plants and animals. 
2. Soils filter and clean water as it flows through. 
a. This changes the water and affects how much water returns to the atmosphere to form rain. 


b. Depends on size of soil particles, how tightly they are packed, how they are arranged, and 
the “attraction” between the soil particles and the water (electronic attraction or electro 
negativity). 

3. Food and other important things we use depend on soils (paper, building materials, clothing). 


a. Transfer of nutrients to plants depends on water in the soil — Plants do not eat solid food, 
but take in water that contains nutrients from the soil. 


b. How “nutritious” soil is depends on how it forms, what it forms from, and how it's 
managed. 


Directions 

Your group will be working with the soil in the bottles on your table to answer the following questions 
and do the activities. Each group should discuss answers among themselves; each person in the group 
will complete his/her own answer sheet. 


1. In the space below, write a description of the soil in your bottle. Note things such as color, 
how it feels, presence of rocks or roots, presence of moisture. 


2. Think about what will happen if you pour water onto this soil. How much water will flow out 
of the soil into the bottom container? 


Why do you think this? 


How fast will the water pass through the soil? 


Why do you think this?. 


Will the pH of the water change? 


If so, how and why do you think this is happening? 


What will the water look like when/if it comes out the bottom? 


Why do you think this? 
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3. Read over the things you are supposed to observe from the following questions. Decide how 
you are going to pour the water onto the soil. Will it be fast, slow, in one place, all over the 


surface, etc. 


4. One person in your group should pour the water from the bottle labeled *Water Only" onto 
the soil. One person should time how long it takes. Record your observations below. 


pH of Water (from label): Volume of Water: 


How we decided to pour: 


Is all the water staying on top? 


If not, where do you think it is going? 


Do you see any air bubbles at the top of the water? 


Does the water coming out of the soil look the same as the water going in?. 


How does it look, if different? 


Does the soil at the surface appear different than before you began to pour water on 
it? 


How is it different? 


Did the water flow completely through the soil? 


If yes, how long did it take? 


5. Test the pH of the water that has gone through the soil and measure its volume. 
pH of Water: Volume of Water: 


Has the pH changed? 


If so, what do you think might have caused this change? 


What do you think happened to the water that is “missing” from the bottom container? 


6. Look back at your groups predictions (guesses, hypotheses) about what would happen when 
you poured the water onto the soil (Question 2). Is what actually happened the same as your 
predictions? 


7. Optional Activity (or double/lengthened period): Your teacher will give you another bottle of 
water. Test the pH of a bottle of water to which a substance has been added using pH paper. 
Pour this bottle of water into your soil and measure both the volume and pH of the water in 
the bottom container after it flows through the soil. 


Substance added to water: (from label): 


pH of Water: (before pouring): Volume of Water: — _ i= 


pH of Water: (after pouring): Volume of Water: — mm 


Can you explain what has happened? 
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Lesson Plan 


Unit: 


Soils 


Topic: 
Introduction to Soils — Part 2 


Time: 
3 class periods 


This lesson is the second lesson in a Soils Unit 
designed for Grades 6-10. The lesson spans three 
days and introduces students to how soil is formed 
as well as soil properties. 


Standards: 
Science as Inquiry 
Science in Personal and Social Perspectives 
Earth Science 
Life Science 


Learning Objective(s): 
Upon completion of this lesson, the students will 
be able to, 


m» 


. describe which portion of soil can be used 
for growing food or other materials; 

2. list and describe the various ways that soil 

is formed; 

label and describe the horizons of a soil 

profile; 

4. describe the different sized particles of 
which soil is composed; and 

. Work cooperatively in a group. 


чы 
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Materials Needed: 

Sponge 

Shallow cake tin or other pan that will hold 
water 

Soil samples (from previous lesson) in 
baggies 

Eight 2-liter bottles or other clear plastic 
container 

Soil color charts (GLOBE) or Munsell Color 
Chart books 

Handouts — Cooperative Learning Activity 
(Day 1) 

Soil layers/horizons sheet to label, 

Overhead masters - Soil components Relative 
soil particle sizes 

Various soil structures 

Soil profile 

Materials for presentations — Blank overhead 
masters, marking pens, poster boards, 
construction paper, crayons, scissors, tape, 
glue, etc. 
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Procedures (Class Period 1 
and part of 2) 


1. Lesson Prep 


Keep Just Passing Through apparatus assembled 
in front of room, or re-assemble on side table 
where it is visible to all. There will be four 
cooperative learning groups; each group will need 
copies of group activity sheets (enough for one 
per student). Cut eight 2-liter bottles in half to 
make a container (or use other clear plastic 
containers). Place mulch in four containers and 
pure sand in four containers. Each cooperative 
learning group should receive one of each. Have 
activity sheets and containers on tables prior to 
start of lesson. 


Have overhead or color picture of soil profile 
displayed as students enter the room. 


2. Lesson Introduction 
(5 — 7 minutes) 


Ask for a student volunteer to come to the front 
of the room. This student will then take a dry 
sponge and place it in a shallow pan of water. Tell 
the students that they will be looking at the sponge 
the day after tomorrow as they talk about the 
properties of soil. 


Show students an overhead or color picture of a 
soil profile — one that prominently shows the 
bedrock layer. Explain that this is a soil profile, 
and that much of the soil in the various layers on 
top of the bedrock layer were once part of the 
solid rock. 


Hints for Inquiry: Explain what a profile is but 
don’t explain how it is formed. Have students get 
into groups of 4-6 students. Hand out samples of 
soil from different profiles and ask the students 
to write down how they think the soil was formed 
and where they think the soil came from. Then 
have a class discussion on this topic. 


3. Activity: Part 1 
Cooperative Learning Discussion. 
(15 — 20 minutes) 


Students will be working in four cooperative 
learning groups, each one investigating at least 
one factor affecting soil formation. (See attached 
group activity sheets/handouts: Group 1 – Time/ 
Weathering; Group 2 — Organisms; Group 3 - 
Parent Material and Topography; and Group 4 - 
Climate.) 


Hint: Research shows that cooperative learning 
works best with groups that do not exceed five 
students. If you have more than 20 students in 
your class, you will need to form more than four 
student groups resulting that more than one group 
may be working on any given topic area. 


Each group will need at least one reader, one 
facilitator, one recorder, and presenters. Make these 
decisions based on the total number of students 
in the room and how the groups are divided. 


Note: Students can assume two different roles if 
the group size is small. 


Place index cards upside down on each group 
table with "Reader," “Facilitator,” “Recorder,” and 
“Presenter” on them. Ask each student to pick up 
a card to determine his/her role. Again, the 
number of cards needed for the various roles will 
be determined by the number of students. 


Note: People learn best when they teach others, 
but this activity can lead to the formation and 
discussion of major misconceptions about the 
content areas being covered. The teacher should 
monitor student discussions and review each 
groups presentation prior to any whole-class 
sharing or group dissemination of information. 
Refer to the Answer Key (attached) for each group 
handout to ensure correct student responses: 


Activity: Part 2 

Preparation of Presentations 

(15 — 20 minutes) 

Cooperative learning groups will prepare a 
presentation based on the information presente 


in handouts provided , including visuals. to 
present their research to the rest of the group’ 


GLOBE* 2003 


Introduction ~ 46 


Implementation Guide 


Materials for use in the preparation should be 
displayed in an accessible place. Provide students 
with the grading rubric. 


4. Wrap-Up 

Stop presentations at least 3-5 minutes before the 
end of class in order to allow time for clean-up. 
Inform students that they will finish giving their 
presentations during next class. 


5. Assignment(s): 


Complete any outside preparation needed for 
projects and presentations the following day. 


6. Evaluation 


A Work Sheet (See attached.) will be given to 
students following Day 3. Student groups will be 
evaluated using a group presentation rubric 
(Should be something students are familiar with 
from prior activities or it can be given to them to 
review at the beginning of the preparation of 
presentations.). Objective items will be included 
on a unit test. 


Hints for Inquiry: You may also wish, time 
permitting, to provide some additional soils and 
see if students can determine how the soils were 
formed (if they are new). 


Procedures (Class Period 2): 


1. Lesson Prep 


Keep the Just Passing Through apparatus assembled 
in front of room, or re-assemble on side table 
where it is visible to all. Be standing by door as 
students enter to direct them to go immediately 
to group area to begin working. 


2. Lesson Introduction 
(3-5 minutes) 


Remind students that each group has only 15 
minutes to finish presentation. Each presentation 
should be 5-7 minutes in length. 


3. Activity: Part 1 
Cooperative learning groups spend 15 minutes 
finishing their presentations. 


Activity: Part 2 
Each group gives a 5-7 minute presentation. 


Remind students that they will need to take notes 
on the presentations since this information will 
be needed for an assignment and will also be 
included on the unit test. Tell them you will also 
be taking notes. 


4. Wrap-Up 

During the last five minutes of class, ask students 
to help you list things they have learned about 
soil formation. Write list on the board. 


5. Assignment(s) 


Journal — Describe at least three new concepts 
learned from the presentations. 


6. Evaluation 


A Work Sheet will be given to students following 
Day 3. Student groups will be evaluated using a 
group presentation rubric (Should be something 
students are familiar with from prior activities or 
it can be given to them at the beginning of the 
preparation of presentations. —See sample 
attached). Objective items will be included on a 
unit test. 
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Procedures (class Period 3 
Soil Properties) 


1. Lesson Prep 

Collect various soil samples, or in advance ask 
students to bring soil samples to school. You can 
also use remaining samples from Lesson 1. Label 
samples as “A,” “В,” and “С,” etc. The samples 
should be in clear plastic containers suitable to 
pass around room. Two-liter soda bottles cut in 
half work well. Prepare overhead transparencies. 
(See attached masters: Soil Layers, Composition of 
an Average Soil, Soil Profile, Relative Soil Particle 
Sizes, Various Soil Structures). 


2. Lesson Introduction 
(10 minutes) 


This lesson will involve a discussion of the 
physical properties of soils. 


1. Review the previous lesson with a brief 
discussion of soil formation. Some useful 
questions are, 

a. How is soil formed? 

b. How is soil transported? 

c. Can we name the 5 soil forming factors 
that influence this process? (parent 
material, climate, organisms, 
topography, time) 

. With a variety of soil samples available for 
inspection (and in containers suitable to 
pass around the room), begin a discussion 
related to the differences between each of 
these samples. 


N 


Use the senses of sight, touch, and even 

smell. Add to your discussions from 

previous days. Some probing questions 

could include: (List all responses on 

board) 

a. What are the noticeable differences in 
each of these samples? 

b. What components make up these soil 
samples? 

3. Ask students to get out their notebooks 
and a pen/pencil to take notes on the class 
discussion. 


3. Activity 
(30 minutes) 


For background see GLOBE Soils Introduction 

pages. 

1. Point out to students that one of their 
observations may have been the presence 
of organic matter (decayed plant roots, 
leaves, etc.). 

a. Write on board — organic matter, 

humus. Ask students to copy in 

their notebooks and to leave space for 
later clarification and discussion of the 
terms. 

b. Organic matter comes from the 
decomposition of any plant or animal 
life. Decomposed organic matter is 
called humus. 

. Explain to students that a typical soil 
sample is actually made up of a 
combination of organic matter 596, 
minerals 4596, water 2596, and air 2596. 
See Overhead IG-I-1. These 
percentages vary. The total air, and 
water space available in the soil is also 
referred to as pore space. 

d. After a rainfall, the percent of air will 
decline, and the percent of water will 
rise. Likewise as a soil becomes dry 
during a summer drought, the percent 
of water will decline, while the percent 
of air is increased. 

. The arrangement of various size particles 
in the soil determines the soil texture. 

a. This soil texture is influenced by the 
percentage of sand, silt, and clay 
particles found in the soil. (Ask 
students which of these particles they 
think is the largest, and which they 
think are the smallest.) See Soil Textural 
Triangle from the GLOBE Teachers 
Guide, Soil Investigation. 

b. Draw a diagram on the board that 
illustrates the relative size of each 
particle. Use Overhead IG-I-2 to 
illustrate the relative sizes of each soil 
particle. 


o 
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Hint: Have samples for the students to feel and 
look at so they see and feel the difference between 
the textures. 


* Sand particles are the largest ranging from 
2.00-0.05 mm., silt particles are 
intermediate in size at 0.05-0.002 mm, 
clay particles are the smallest at less than 
0.002 mm in size. 

• Ask students to discuss the function of 
each particle in the soil. Ask students to 
remember the Just Passing Through 
Learning Activity and what they can 
conclude about soil particle size. (Larger 
soil particles, allow for greater water 
infiltration rates, and permeability of the soil, 
while smaller particles are essential to both 
the water and nutrient holding capacities of 
the soil). 

Hint: Give the students soils that have a mixture 
of textures so they determine what particles make 
up the soil. 


3. A soil profile is a cross sectional view of 
the face of the soil. 

a. Provide students with the blank Soil 
Layers handout of a soil profile (See 
attached — Soil Layers) for them to use 
for labeling and note taking on this 
section. 


Hint: If possible have a real profile for the students 
to feel and examine and then the handout is done 
afterward on their own as assessment or in groups 
as a focal point for their discussion. 


b. Imagine a cut, into the undisturbed 
layers of soil. These layers are called soil 
horizons. See Overhead IG-I-3. 

c. Each horizon has specific 
characteristics. 

* [n forested areas, the top horizon is 
known as the O-Horizon. This layer is 
made up of decomposed organic material 
typically from the breakdown of leaves, 
and twigs. 

* The second horizon is known as the 
A-Horizon, because it is the first 
horizon made up of mineral materials. 
This horizon is typically referred to as 


topsoil, and usually contains a large 
amount of organic material. 
The next transitional layer is referred to as 
the B-Horizon. This horizon is usually 
lighter in color than the A horizon above 
it. It is composed of parent material that 
has been severely weathered to the point 
that it is different in appearance. This layer 
is commonly referred to as subsoil. 
The next major layer is called the 
C-Horizon. This is the horizon that most 
closely resembles the parent material with 
no change in color, and no structure 
formed. The C-Horizon contains a mixture 
of unconsolidated material below the B- 
Horizon and above bedrock. 
The R-Horizon represents the layer of 
bedrock that is sometimes found at the 
base of a soil profile. This horizon could 
be the parent material of the soil, or 
alluvial, glacial, or volcanic materials that 
have been deposited above this layer and 
therefore served as the parent material. 
d. Other horizons, or transitional horizons 
may exist under certain conditions. 


. Soil Structure is the shape that the soil 


takes based on its physical and chemical 

properties. 

a. Soil structure can be viewed by close 
examination of the separation of soil 
peds in a given horizon. 

b. Types of soil structure include blochy, 
columnar, granular, platy and prismatic. 

c. Soil structure influences water 
infiltration and air circulation in the 
soil. It also influences the ability of 
roots to penetrate a given soil. Relate to 
movement of water through a sponge. 

d. Students should examine several soil 
peds to practice identifying various soil 
structure patterns. Overhead 1С-1-4 
illustrates different soil structures. 
(Refer to GLOBE Protocols for 
additional illustrations of soil 
structure.) 


GLOBE* 2003 Introduction – 49 Implementation Guide 


uononponu| 


510203014 


> 
5 
3 
Ф 
3 
= 
x 


5. Soil Color can be an indication of 

several things. 

a. Display soil color chart or Munsell 
Color Chart book. 

b. Color can be an indication of certain 
elements such as iron, which has a red 
color, or calcium carbonate which is 
white in color. (Point out on chart) 

c. In the O, or A-Horizons, a dark brown 
or black color is usually indicative of 
the presence of organic matter. (Point 
out on chart) 

d. Soil color also differs based on how 
wet or dry the soil is. In poorly drained 
soils, which are saturated for most of 
the year, the B-Horizon can often be 
gray in color. 

Hint: Have soil samples and color books for the 
students to use to see the different colors of soil. 


4. Wrap-Up 
(5 minutes) 
Ask the students questions such as 


1. Do soil properties influence soil productivity? 


(Yes) 


2. Why is it important for us to know about soil 
properties? (Knowledge of soil properties can help us 
predict the suitability of a given soil for specific 
agricultural or industrial purposes.) 


3. What are the components that make up soils? 
(Soils are composed of sand, silt, clay, organic matter 
water and air.) 


4. What does soil color tell us about a soil? (Soil 
color can indicate the presence of certain minerals, 
or other attributes such as organic matter content.) 


5, Assignment(s) 

Provide each student with a Work Sheet (See 
attached — Soil Formation and Composition) that 
is to be done for homework. Inform them that 


the Work Sheet will be collected at the beginning ) 
of class tomorrow and evaluated. А 


6. Evaluation 


Evaluation of Work Sheet. Objective items on unit 
test. Evaluation of group presentation. 


Evaluation Hint: A real performance-based test 
done on an individualized basis would be best. 
Some sample questions are, 


1. Here are 3 core samples; indicate where 
the horizons are located; and 
2. Describe the composition of this soil, etc. 


7 Work Sheet Answer Key 


1. True 
2. False 
3. False 
4. True 
5. False 
6. Parent material 
7. Weathering 
8. Humus 
9. Soil texture 
10. Soil structure 


= 
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Qg w g m g vw» шг (у 


21. a. Mineral matter 4596 
b. Air 2596 
c. Water 2596 
22. Water 
23. Air 
24. Answers will vary 
25. a. Physical 
b. Chemical 
c. Physical 
d. Physical 
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The Formation of Soil 


Work Sheet 


Group 1: Time/Weathering 


There are five factors that influence the formation of soil. They are 


1. Parent Material 
2. Climate 
3. Organisms 
4. Topography 
5. Time 
Your group will examine how time and weathering influence soil formation. 


Reader: 
Read the following paragraph on the formation of soil and the paragraph on weathering to your 
group. 

The formation of soil happens over a very long period of time. It can take 1000 years or more. 
Soil is formed from the weathering of rocks and minerals. The surface rocks break down into 
smaller pieces through a process of weathering and are then mixed with moss and organic matter. 
Over time this creates a thin layer of soil. Plants help the development of the soil. How? The 
plants attract animals, and when the animals die, their bodies decay. Decaying matter makes the 
soil thick and rich. This continues until the soil is fully formed. The soil then supports many 
different plants. 


Weathering: Weathering is the process of breaking down rocks. There are two different types of 
weathering: 1) Physical weathering and 2) Chemical weathering. Physical weathering breaks 
down the rocks into smaller pieces, but what its made of stays the same. One example of a 
physical change is smashing a rock with a hammer to form smaller pieces. Chemical weathering 
also breaks down the rocks, but it may change what the rock is made of. An example is when 
iron is changed to rust during the process of chemical weathering. 


Facilitator: 


Lead group members in a discussion of each of the following situations. Label each situation as an 
example of physical weathering or chemical weathering. 


Circle One 
1. Winter freezing and thawing of rocks —Water seeps into Physical Chemical 
cracks in a rock, then freezes and expands. The rock 
develops larger cracks and breaks into smaller pieces. 
Why? 
2. Common minerals found in rock dissolve in acid rain. Physical Chemical 
Why? 
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Stages in the Formation of Soil 


Facilitator: 
Four stages in soil formation, over time, are 
group ina discussion of each stage. 


shown below. What is happening in each stage? Lead your 


Recorder: 
Take notes of the group discussion in the spaces provided below each picture. 


Stage 3 Stage 4 


Presenter(s): 

Lead group members in a discussion of how to teach this information to the rest of the class. You 
group should prepare a presentation of Time and Weathering as factors in the formation of soil. You 
presentation should take approximately 5-7 minutes. The teacher has provided transparency master 
poster paper, and other materials for you to use in your presentation. Refer to the attached gradin 


rubric. 


кєра pace. Introduction — 52 Implementation Gui 


z 


8 


de 


The Formation of Soil 


Work Sheet 


Group 2: Organisms 
There are five factors that influence the formation of soil. They are, 


1. Parent Material 
2. Climate 
3. Organisms 
4. Topography 
5. Time 
Your group will examine how organisms influence soil formation. 


Reader: 
Read the following paragraphs on the composition of soils to your group members. 


Soils are a mixture of different things: rocks, minerals, and dead decaying plants and animals. 
Soil can be very different from one location to another, but generally consists of organic and 
inorganic materials, water and air. The inorganic materials are the rocks that have been broken 
down into smaller pieces. The size of the pieces varies. It may appear as pebbles, gravel, or as 
small as particles of sand or clay. The organic material is decaying living matter. This could be 
plants or animals that have died and decay until they become part of the soil. 


Live organisms (plants, animals, and microscopic organisms) also influence soil formation. Live 
animals move around in the soil and help break large pieces into smaller pieces. Microscopic 
organisms help the decay of dead plants and animals. Roots of growing plants can break apart 
dense, hard soil or rocks. Humans are organisms that also affect soil formation by the way they 
use soils—think about paving over a field to make a parking lot or growing corn. Live animals 
such as rabbits and cows deposit waste materials on the ground that changes soil. 


Facilitator: 


Lead group members in a discussion of each of the following. 


Recorder: 
Take notes of the group discussion. 


1. Write a group description of the differences between inorganic and organic materials. 


2. Label each of the following as inorganic or organic material. 


Lump of clay Quartz crystal 

Leaf fallen from tree Broken piece of glass 

Gasoline Moss 

GLOBE* 2003 Introduction - 53 Implementation Guide 


The Formation of Soil Work Sheet: Group 2 – Page 2 


3. What kinds of organisms do you think you would find in soils at the beach? 


Why?. 
How do you think they might influence the formation of the soil? 


4. What kinds of organisms do you think you would find if you dig in soils in a natural area (Le.. 
a forest) close to your school? Why? 


How do you think they might influence the formation of the soil? 


Facilitator: 


Lead group members in a discussion of each of the following. 


Recorder: 
Take notes of the group discussion. 


5. List at least five ways that organisms can influence soil formation (besides the ones already 
mentioned). Check with your teacher to make sure you are correct. 


1. 
2 
З: 


Presenter(s): 

Lead group members in a discussion of how to teach this information to the rest of the class. Your 
group should prepare a presentation of Organisms as factors in the formation of soil. Your presentation 
should take approximately 5-7 minutes. The teacher has provided transparency masters, poster pape! 
and other materials for you to use in your presentation. Refer to the attached grading rubric. 
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The Formation of Soil 


Work Sheet 


Group 3: Parent Material and Topography 


There are five factors that influence the formation of soil. They are, 


1. Parent Material 
2. Climate 
3. Organisms 
4. Topography 
5. Time 
Your group will examine how parent material and topography influence soil formation. 


Reader: 


Read the following paragraphs on the composition of soils to your group members. 


One of the most important things that scientists have discovered is how soil forms from rock. 
The rock that forms soil in any location is known as the parent material of that soil. The parent 
material can be bedrock, organic material, an old soil surface, or a deposit of materials from 
water, wind, glaciers, volcanoes, or materials moving down a hillside. The character composition 
of the parent material plays an important role in the determination of soil properties, especially 
during the early stages of development. 


For example, soils developed on parent material that is coarse, or with large grains of minerals, 
will have obvious large grains in the soil. Beach sand is an example of soil with large grains. It has 
formed from the breaking apart of bedrock known as sandstone which has then blown or been 
washed to the sea. The bedrock below the sea also contains sandstone, which can be broken 
apart and deposited on the shore by waves. Fine, small grain soils form from parent material and 
minerals that break apart easily into very small particles. 


Parent materials have a direct impact on how soils support plant and animal life. Parent materials 
rich in certain substances such as calcium and sodium that are easily dissolved in water will 
produce a soil where these chemicals are readily available for plants. If the parent materials do 
not contain substances that dissolve easily in water, soils may be low in chemicals needed for 
healthy plant growth. Parent material that is made of once living things may produce a soil that 
ls is very acid. 


Facilitator: 


Lead group members in a discussion of each of the following. 


Recorder: 
Take notes of the group discussion. 


1. Write a group definition of parent material. 
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2. Is parent material different from bedrock? If yes, how? 


3. Examine the two different soil samples on your table. What kind of parent material to you 
think was the basis for these soils? 


Soil A parent material? — — ———— Soil B parent material? — — — —— 
Why do you think this? Why do you think this? 
hie CNN EO e ЕЕЕ pies did Ses 71.  —— 
Where do you think you would find Where do you think you would find 
this soil in nature? this soil in nature? 

Reader: 


Read the following paragraph on topography to your group members. 


The location of a soil on any landscape can affect how climate processes (such as rainfall) affect it. 
For example, soils at the bottom of a hill will end up with more water than soils on the slopes, 
and soils on slopes that face the sun will be drier than soils on slopes that do not face the sun. 
Also, certain areas may allow water to collect, which can lead to an accumulation of minerals = 
some of these minerals may be healthy and some may be harmful to plants and soil organisms. 


Facilitator: 


Lead group members in a discussion of each of the following. 


Recorder: 
Take notes of the group discussion. 


1. How might each of the following landscapes affect the soil? 
a. Hill with no plants on it — 
b. Hill with a lot of plants on it — 
c. Hole in the ground that used to contain an old tree trunk — 


d. Area that faces sun, but is half covered with shade trees - 


Presenter(s): 

Lead group members in a discussion of how to teach this information to the rest of the class. Your 
group should prepare a presentation of Parent Material and Topography as factors in the formation 0 
soil. Your presentation should take approximately 5-7 minutes. The teacher has provided transparency 
masters, poster paper, and other materials for you to use in your presentation. Refer to attached grading 
rubric. 
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Group 4: Climate 
There are five factors that influence the formation of soil. They are, 
1. Parent Material 
2. Climate 
3. Organisms 
4. Topography 
5. Time 
Your group will examine how climate influences soil formation. 


Reader: 
Read the following paragraphs on climate and soils to your group members. 


Climate, particularly temperature, precipitation (rain and snow), and frost have a lot of influence | 
on how soil will form in any area. Climate determines what type of weathering processes occur, 
and how these might differ in any one place. This also affects the type of plants that will grow, 
which in turn affects soil-forming processes. A few things to consider: 


a. A lot of precipitation will dissolve chemicals that seep through soil layers and dissolve 
minerals in bedrock and other soil forming parent materials. 
b. Cold winter temperature causes frost that can physically break apart rocks. 


The formation of soil happens over a very long period of time. It can take 1,000 years or more. 
Soil is formed from the weathering of rocks and minerals. The surface rocks break down into 
smaller pieces through a process of weathering and is then mixed with moss and organic matter. 
Over time this creates a thin layer of soil. Plants help the development of the soil. How? The 
plants attract animals, and when the animals die, their bodies decay. Decaying matter makes the 
soil thick and rich. This continues until the soil is fully formed. The soil then supports many 
different plants. 


Weathering: Weathering is the process of breaking down rocks. There are two different types of 
weathering: 1) Physical weathering and 2) Chemical weathering. Physical weathering breaks 
down the rocks into smaller pieces, but what its made of stays the same. Chemical weathering 
breaks down the rocks, but this process may change what the rock is made of. 


Facilitator: 
Lead group members in a discussion of each of the following. 


Recorder: 
Take notes of the group discussion. 


1. Write a group explanation of how climate affects the formation of soils. 
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2. What kind of climate would you expect to find in the following areas? 


a. The Mojave Desert in California 


How do you think the desert climate influences soil formation? 


Why do you think this? 


b. Fairbanks, Alaska 


How do you think climate in Fairbanks influences soil formation? 


Why do you think this? 


c. Miami Beach, Florida 


How do you think the climate in Miami Beach influences soil formation? 


Why do you think this? 


Presenter(s): 

Lead group members in a discussion of how to teach this information to the rest of the class. Your 
group should prepare a presentation of Climate as a factor in the formation of soil. Your presentation 
should take approximately 5-7 minutes. The teacher has provided transparency masters, poster pape 
and other materials for you to use in your presentation. Refer to the attached grading rubric. 
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GLOBE Soils Presentation 


Group Work and Presentation Rubric: 


Teacher name: 


Group members: 


< ategory 
Е! 


Excellent 
4 Points 


Good 


3 Points | 


Satisfactory 
2 Points 


Needs Improvement 
1 Point 


T7 xeparedness 


ا 


Group and presenters 
are completely 
prepared and 
comfortable with 
content and their 
presentation. 


Group and presenters 
seem prepared, 
but not comfortable 
with content and 
their presentation. 


= 


Group and presenters 
are somewhat 
prepared, and not 
comfortable with 
content and their 
presentation. 


Group and presenters 
not at all prepared 
or comfortable 
with content and 
their presentation 


«Creativity 


Makes excellent use 
of color, graphics, 
effects, etc. to 
enhance the 
presentation and 
get the ideas across. 
Ideas are creative 
and inventive. 


Makes good use of 
color, graphics, 
effects, etc. to 
enhance to 
presentation. 
Ideas are fairly 
creative and 
inventive. 


| 
Makes use of color, 
graphics, effects, etc. 
but occasionally 
these detract from 
the presentation 
content. There is 
little evidence of 
creativity. 


Use of color, 
graphics, effects 
etc. but these often 
distract from the 
presentation 
content. 

No evidence 
of creativity. 


"J:ime-Limit 


Presentation is 
5-7 minutes long. 


Presentation is 
4 minutes long. 


Presentation is 
3 minutes long. 


IE 


Presentation is 
less than 3 minutes 
OR more than 
8 minutes. 


Stays on 
“Topic 


Stays on topic all 
(100%) of the time. 
Materials flow in 
logical sequence. 


Stays on topic 
most (99-90%) 
of the time. 
Materials flow 
in logical sequence. 


Stays on topic 
some (89%-75%) 
of the time. 
Materials flow 
in a disjointed 
manner. 


It was hard to 
tell what the 
topic was. 
Materials don’t 
flow well. 


<ontent 


ا 


Demonstrates a full 
understanding of 
the topic. 


Demonstrates a good 
understanding of 
the topic. 


Demonstrates a good 
understanding of 


parts of the topic. 


Does not seem to 
understand the 
topic very well. 


r-eated using http://rubistar.4teachers.org/ 
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Soil Horizons Student Handout 
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Composition of an Average Soil 


4596 Mineral Matter 
- 2596 Water 


25% Air 


596 Organic Matter 


Source: National Council for Agricultural Education 
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Soil Profile 


O Horizon- Plant litter. Organic debris (leaves, etc.) in various 
stages of decay. 


A A Horizon- Zone of eluviation. Zone of maximum humus 
accumulation (usually dark brown). 


E E Horizon- Zone of eluviation. Zone of maximum eluviation 
(usually light colored) 


B B Horizon- Zone of translocated clay. 


С C Horizon- Weathered unconsolidated material. 


R RHorizon- Bedrock 


Source: National Council for Agricultural Education 
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Relative Soil Particle Sizes 


Sand 


Source: National Council for Agricultural Education 
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Various Soil Structures 
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Work Sheet 


Name: 


Part 1 
True and False 


Write "True" to the left of statements that are true and *False" to the left of statements that are false. If 
a statement is false, rewrite it in the space below to make it a true statement. 


1. Parent materials have a direct impact on how soils support plant and animal life. 
2. Ice and snow can break a rock apart, but rain cannot. 


3. Climate does not affect how soils are formed. Desert and tropical climates influence 
soil formation in exactly the same way. 


4. Organic matter comes from the decomposition of any plant or animal life. 


5. The top layer of the soil is mostly composed of bedrock. 


Part 2 
Fill in the blank. 
Write a word or phrase that best completes the statement. 


6. The rock that forms soil in any location is known as the of 
the soil. 


is the process of breaking down rocks. 


M —— 


8. Decomposed organic material is also known as 


9. How various size particles are arranged in the soil is known as 


10. is the shape that the soil takes based on its various 
chemical and physical properties. 


GLOBE* 2003 Introduction ~ 65 Implementation Guide 


Soil Formation and Composition Work Sheet — Page 2 


Part 3 
Matching 


Match the statements in Column A with the soil terms in Column B. Items in Column B may be used 
more than once. 


11. Usually lighter in color than the horizon above. А. The O - Horizon 
Composed of parent material that has been weathered so 
much that it is much different in appearance 
than parent material 
B. The A - Horizon 
12. Could be the parent material of the soil. 
13. First horizon made up of mineral materials. 
C. The B - Horizon 
14. Made up of organic matter, typically from twigs and leaves. 
15. Typically referred to as topsoil. 
D. The C- Horizon 
16. Resembles parent material with no change in color. 
17. Represents layer of bedrock. 
E. TheR- Horizon 
18. No soil structures formed in this layer. 
19. Contains organic materials mixed with mineral matter. 
20. Commonly known as the subsoil. 
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Part 4 
Short Answer 


21. List the three main components of soil and the percentages of each in a typical soil. 


Component 
a. 
b. 


с. 


22. Which of these components will increase with a rainfall? 


Why? 


23. Which of these components will decrease with a rainfall? 


Why? 


24. In your own words, describe the difference between chemical and physical weathering. 


25. Label each of the following as either chemical or physical weathering and explain your 


answer: 
Process Type 


a. Watering carrying small pieces of rock 


wears away surface of larger rock. 


Why? 


b. Water separates into hydrogen and oxygen 
molecules and leads to formation of acid 
that dissolves rock 


Why? 


c. Pressure from plant roots breaks apart rock 


Why? 


d. Heat during day, cooling at night causes 
rock to expand and contract 


Why? 
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Part 5 
Short Essay 


In the space below and on the back of this sheet, write an essay on how the soil in your backyard (or 
another area) was formed. Be as brief, but as thorough, as you can. Spelling, grammar, and punctuation 


ES 
с 
oO 
1 
Е 
£ 
5 
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Sample Soils Lesson Plan 


Unit: 
Soils 


Topic: 
Calibrating Fingers: Feel the Difference 


Time: 
2-3 class periods 


This activity is intended to be the introduction to 
GLOBE Soil Characterization activities. Students 
often have trouble characterizing soil because they 
have difficulty feeling the differences in grain sizes 
found in natural soils. This activity helps students 
to learn about calibration by actually calibrating 
their fingers. They will also learn to read, explain, 
and create the Textural Triangle charts found in 
the Protocol section of the Soils Investigation in the 
GLOBE Teachers Guide that identify a soils texture. 


Standards: 
Science as Inquiry 
Science in Personal and Social Perspectives 
Earth Science 
Life Science 


Learning Objective(s): 
Upon completion of this lesson, students will be 
able to, 


1. recognize, describe and identify soil 
components by touch; and 
2. construct a Textural Triangle chart. 


Materials/Equipment Needed: 
Notebook 


Pencil/pen 

Cupcake tins 

Sand, silt, clay, loam 

Handout-Soil Textural Triangle 
Hand-lens 

Spoons 

Newspaper 

Paper plates 

Water bottles 

GLOBE Soil Characterization video 
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Soil Textural Triangle 


| Loam 


Silt 
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Procedures (Class Period 1): 


1. Lesson Prep 

Have newspapers spread out on desks. Students 
will be working in groups of 3-5, so prepare 
enough cupcake tins so that each group has one 
tin. Place samples of silt, sand, loam, and clay in 
the cups and label each (these will be handed out 
as lesson progresses). Have four sections identified 
on the board (to create lists or record descriptions) 
with the following headings: Silt, Sand, Loam, 
Clay, A side blackboard/whiteboard is good for 
this activity, or post-it easel pads, so the lists can 
remain on the board overnight or longer. 


Each worktable should have spoons, water bottles, 
hand-lens, and paper plates. Also, have 2-3 
standard soil samples (in flower pots or small cans 
such as tuna cans) sitting at each worktable. Each 
student should have his/her Journal or notebook 
to take notes, as needed. 


2. Lesson Introduction/Elicitation 
(10 minutes) 


Ask students to examine the 2-3 soil samples 
contained in the flowerpots or cans. Ask them to 
describe each one as it compares to the others. 
Have a student volunteer record descriptions on 
the board. Most will concentrate on color, general 
texture, and physical components of the soil they 
can see, etc. This part of the lesson is designed to 
get them thinking about soils. 


3. Concept Invention 
(20 minutes) 


a. Group students in appropriate sized 
groups (3-5). Handout triangular soil 
chart with all mixtures of major 
components blanked out. (See attached – 
handout-Soil Textural Triangle). Pass out 
cupcake tins with silt, sand, loam and clay. 

b. Have students put a small spoon of clay in 
their palms. Wet the clay and have 
students describe what it feels like and 
how it responds to getting wet. Repeat for 
each soil component. 


c. Have students mix 1 spoonful of sand and 
clay. Have students describe what they feel 
and show the students where this would 
fit in the Textural Triangle chart. Since 
there is no LOAM it would be next to clay 
along the sand clay continuum. See Soil 
Textural Triangle in Soil Characterization 
Protocol section of the Soils Investigation). 
Add loam to the mixture of sand and clay 
and show where this would be in the 
chart. 
e. Mix sand and loam only and show where 
this would fit in the chart. 
. Have students complete the silt side of the 
chart. 


4. Concept Application/Evaluation/ 
Wrap-Up 


(15 minutes) 


a 


m 


Students need to take the original 2-3 samples of 
“real” soil from the elicitation (in flower pots or 
cans) and characterize the soil. If correct, students’ 
fingers are calibrated. 


Note: If students have had no prior experience 
with calibration, introduce the concept at this 
point, explaining to students that, 


* We have used our fingers as data 
collection instruments and to make 
observations in this activity; 

* In order for scientific observations taken 
with instruments to be as accurate as 
possible, scientists do something called 
calibrating instruments before they collect 
data; 
Calibration is a technique that allows 
scientists to adjust their instruments so 
that they can be sure that measurements 
will be accurate. It (calibration) is a form 
of testing the instrument using a known 
solution, quantity, or item; 

Example: Placing a pH meter in a 

substance with a guaranteed pH of 7.0; 

and 

We will calibrate instruments we use in 

many of our GLOBE data collection 

activities. 


S 
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Procedures (Class Period 2) 
(45 minutes) 


View GLOBE Soil Characterization Protocol video 
and prepare for going into the field. 


Procedures (class Period 3) 

(45 minutes) 

Students conduct Soil Characterization in the field 
at soil study site (see GLOBE Teachers Guide, 
Protocol section of the Soils Chapter). 


5. Assignment(s) 

Students re-create a Textural Triangle for their 
portfolios, with a complete description of what it 
means, explaining what it is used for and how. 


6. Evaluation 
Evaluation of portfolio assignment. 


Provided courtesy of The Idaho GLOBE Partnership, The University of 
Idaho 
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Sample Earth as a System Unit Plan 


Unit: 


Earth as a System 


Topic: 


First Impressions: Describing Earth 


Time: 
Five 45-Minute Lessons 


This unit is intended to be used as the introduction 
to the GLOBE program and the Earth as a System. 
Lessons provide opportunities for students to 
construct the major contexts of study in the 
GLOBE Program (Atmosphere, Hydrology, Soils, and 
Land Cover Biology). 


Standards: 

Science as Inquiry 

Science in Personal and Social Perspectives 
Earth and Space Science 


Physical and Life Science 


Learning Objective(s): 
Upon completion of this unit, students will be 
able to, 


1. recognize, describe and organize major 
concepts, everyday phenomena and 
natural processes as experienced in their 
local settings; 

. work together in groups to synthesize and 
distill the concepts such that by the end of 
the activity they arrive at GLOBES major 
inquiry frameworks (Atmosphere, 
Hydrology, Soils, and Land Cover Biology); 
and 

3. recognize and diagram processes that 

transfer energy and material among these 
areas of study. 


N 


Materials/Equipment needed: 
Field notebook or journal 


Pencil/pen 

Colored markers 

Butcher paper/poster board 

GLOBE Teachers Guide 

GLOBE Earth System Science Poster Activity 
GLOBE Introductory Video 

Computer, 

Internet access 


Map of the Earth and a globe 
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Procedures (Class Period 1): 


1. Lesson Prep 


Following the lesson introduction, students will 
be working collaboratively in groups of four. Each 
worktable should have a piece of poster board or 
butcher paper for students to record their group 
ideas. Make a chart on the board/sideboard/easel 
pad paper that will have four unlabeled columns. 


2. Lesson Introduction 

(10 minutes) 

Students will close their eyes and visualize their 
favorite image of earth (favorite place). Students 
then think about what their senses tell them about 
that setting—what they think, hear, smell, etc. 
Students then create a quick sketch in their Field 
Notebooks or Journals and write a paragraph 
describing why they selected this image to describe 
how it makes them feel. Students develop a 
bulleted list of 10 descriptive words taken from 
their paragraph/narration of their sketch. 


3. Collaborative Learning Group Activity 
(35-40 minutes) 


Students gather into groups of four, sharing 
individual sketches, narratives and word lists. The 
group collaboratively develops a hierarchy of 
concepts and natural processes to present to the 
class in poster format. Posters are displayed side 
by side in order to compare, contrast and develop 
a super hierarchy (recorded on a separate poster) 
facilitated by the instructor. The final outcome is 
intended to represent and include each of the major 
fields of inquiry in the GLOBE Program 
(Atmosphere, Hydrology, Soils, and Land Cover 
Biology). 


The instructor guides the organization of the class 
discussion and records on the board/overhead the 
responses provided by the students. It is suggested 
that the super-organizing chart consist of 4 
unlabeled columns. Once completed students are 
likely to label the columns water, earth, air, life. 
The instructor then uses the GLOBE labels of 
Atmosphere, Hydrology, Soils, and Land Cover 
Biology, in the appropriate areas. 


Procedures (Class Period 2): 


1. Lesson Prep 


Have displayed in the front of the room various 
depictions of images of the Earth. Examples 
include a globe, atlas, map, the GLOBE whole 
Earth poster, satellite images from GLOBE 
Teachers Guide (remote sensing images from Land 
Cover chapter), etc. You will want a large map of 
the earth and some push pins accessible for the 
main lesson activity. 


2. Lesson Introduction 
(5-7 minutes) 


Ask students to spend several minutes observing 
the globe, posters, and other images of Earth that 
you have displayed in the room. Ask for a student 
volunteer to write student observations in a list 
on the board. 


Note: There are no right or wrong answers; any 
response is acceptable. Encourage students to 
point out Earths obvious physical features and to 
identify geographic areas with significantly 
different features. 


Ask students to consider what might be evidence 
of life in any of the images they see. Could 
anything that happens in another part of the world 
affect what happens in your community? 


3. Lesson Activity 1 


(10 minutes) 
Who do you know elsewhere in the world? 


Ask students who they know who lives outside 
their own community, particularly if they know 
someone living in another part of the world. Mark 
those areas with a push pin. Ask students V 
consider what they might learn from these people 
about other parts of the world (weather, rainja® 
snow, soil, agriculture crops, types of plants, wale! 
bodies, acid rain, etc.). Point out to students that 
data from others is very valuable as is their own 
personal data from their own person? 
observations. Also stress that they will 5000 
become experts in their own GLOBE study sites: 
and will contribute their data to the WO! 
community. 
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Lesson Activity 2 
(15 minutes) 


Brainstorming. Divide students into groups of 
four. Each group should have a recorder, a group 
facilitator, and a presenter. Groups should 
brainstorm about the following questions: 


* How is Earth able to support life? 
(atmosphere, water; planetary systems of 
water, soil, and air working together; 
evolution of organisms and the planet 
together) 

* What challenges are faced by the Earth? 
(human impact, pollution, population 
pressures, atmospheric changes) 

• What might the world be like 50 and 100 
years into the future? 

Ask 2-3 groups to volunteer to present their 
findings to the class (3-5 minutes each). 


4. Wrap-Up 
(2 minutes) 


Welcome students to the GLOBE Program. 
Provide each student with a GLOBE sticker. 


Procedures (Class Period 3): 


Read and review all sections of the GLOBE Earth 
System Science Poster Activity. Follow all 
instructions as listed in the packet. Use the 
animations that support the GLOBE ESS Poster 
Activity Guide found on the GLOBE Web site. 


Procedures (Class Period 4): 


1. Lesson Prep 


Read and review basic content material found in 
GLOBE Teachers Guide (The Big Picture) for each 
of GLOBES major fields of study (Atmosphere, 
Hydrology, Soils, and Land Cover Biology). 


2. Lesson Introduction 


Show the GLOBE Introductory Video or use the 
Earth as a System GLOBE training charts (follow 
this sequence of links: Library is listed on the scroll 
bar on the front page; click on Resource Room; 
click on Training GLOBE, click on General 
Information and Training Materials; click on 
GLOBE Training Resource Room; click on Earth 
as a System found under the Science section of 
the introduction) to review basic content material 
found in GLOBE Teacher's Guide (The Big Picture) 
to each of GLOBE's major fields of study 
(Atmosphere, Hydrology, Soils, and Land Cover 
Biology). 


3. Lesson Activity 


Introduce GLOBE measurements for studying the 
spheres. Have students form questions and then 
predict which measurements might help them find 
answers. 


4. Wrap-Up 

Demonstrate the organization of the Web site 
www.globe.gov highlighting the use of student 
collected date in building regional and global 
visualization of earths processes. 


5. Assignments 


Ask students to reflect and describe the manner 
in which they used their senses and reasoning to 
construct sketches and descriptions of favorite 
places. (i.e. How did you synthesize the sensory 
experience and build a memorable vision of your 
favorite place? How might we extend our sense 
gathering strategies through scientific/strategic 
data gathering?) They should write these 
reflections in their journals. 
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Procedures (Class Period 5): 


Discussion/Application/Evaluation of 
the Lesson 


1. Lesson Prep 

Prepare a list on the board of example events. 
Cover with map, poster, or other object so it is 
not visible as students enter the room. 


Example events include, 


• A hurricane; (i.e. Hurricane would be 
listed in both the atmosphere and 
hydrology domains. It also affects the Soils 
and Land Cover/Biology.) 

Floods; 

Droughts; 

Forest fires; 

Antarctic and/or Greenland ice caps 
melting; 

A meteorite hitting the Earth; 

Cutting down all the trees in the forest; 
and 

Humans polluting the water, the air, etc. 


2. Lesson Introduction 
(5-10 minutes) 


Tell students that they are going to synthesize all 
that they have learned over the past few days about 
Earth as a System by thinking about various events 
that happen and how the spheres interact before, 
during, and after those events. Ask them to refer 
to the list on the board and to provide additional 
examples. 


3. Cooperative Learning Activity 
(15 minutes) 


Ask students to pair with another student. Assign 
one event to one-half the class and one event to 
the other half. Individual students think for about 
5-7 minutes about the event, and jot notes in their 
notebooks about which spheres are involved and 
how they interact. They pair with their partner 
for another 7-10 minutes to develop their group 
response. 


4. Wrap-Up 
Whole class discussion on spheres’ interactions 
using students’ responses from group activity. 


5. Assignment 

Each student should pick one event not covered 
during class discussion and do a description of 
spheres' interactions before, during, and after the 
event in his/her Journal. 


6. Evaluation 
* Objective test 
e Evaluation of written work and student 
reflections 


Provided courtesy of The Idaho GLOBE Partnership, The University of 
Idaho 


GLOBE* 2003 


Introduction - 76 


Implementation Guide 


sample Land Cover Biology Unit Plan 


Unit: 
Pixel Mapping 


Topic: 
Using Geometry and Graphs for Pixel Mapping 


Time: 
1-2 weeks 


This unit plan integrates GLOBE, science, 
mathematics and geography, providing students 
the opportunity to see the relationship between 
mathematics and the everyday world. The 
outlined pixel mapping technique works best in 
areas where there are few trees. These lessons also 
allow for collaboration between science, 
mathematics, technology, agricultural science, and 
social studies teachers. 


Standards: 

Science as Inquiry 

Science in Personal and Social Perspectives 
Earth and Space Science 

Physical and Life Science 


Science and Technology. 


Materials/Equipment needed: 


Two measuring tapes — 50 m each, 
Compass 

GPS receiver 

Five flags 

Four stakes 

200 m kite string 

Field notebooks 


Equipment for Grassland Protocol (if needed 
Digital camera 

Computer with Internet access 

GLOBE Teachers Guide 


Learning Objective(s): 
Upon completion of this unit, the students will 
be able to, 


1. locate and define the boundaries of a 
30 m x 30 m study site using an 
understanding of geometric relations. 
a. Concepts covered include solar noon 
and true north, orienteering, maps, GPS, 
Land Cover biometry, tree height, trunk 
circumference, canopy cover, ground 
cover, and species identification. 


1. Introductory Lesson (science or math 
classrooms): 

Discuss the construction of a square using an 
understanding of the geometry (i.e. how can we 
use geometry to make a perfect square?). Explain 
to students that during the unit they are going to 
construct a square outside to define their study 
site. 


2. Lessons/Activities 2-9—Pixel 
Mapping (science, math, social studies, 
or agriculture classrooms): 

Field work—Setting up the boundaries of the 
study site. The attached diagrams provide the 
specific instructions to complete the boundaries 
of a Land Cover study site. The plan outlines this 
activity in terms of multiple 45 minute periods 
resulting that this unit could be conducted by the 
Science teacher alone (2-week unit), or as an 
interdisciplinary unit carried out in the science, 


Graphing paper ; 
Overhead transparencies math, technology and social studies classrooms 
Pencils (1-week unit). 
RUE 3. Concludi ivi 
1 ing Activity (technolo: 
Materials for creating densiometers and classroom): g ty ( gy 
dino Students enter study site location inf ti 
GLOBE MUC Guide y site location information on 
L И the www.globe.gov Web site including metadata 
descriptions. 
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4. Assignment: 

Students produce a sketch map, using field notes 
and study site sketches, of what they think the 
setting looks like as if viewed from above (hot air 
balloon hovering 500 m above). Use of computer 
drawing tools is also appropriate. 


5. Optional Activity: 

Locate a topographic map (library, map cabinet 
or with the help of a local expert) of the local 
area, Identify a local study site location. Determine 
latitude, longitude and elevation of the location. 
Use pixel-mapping exercise at this site. 


6. Evaluation: 


Did the students produce a field sketch of the 
study site? Did they accurately describe how they 
produced the map? Did they MUC the site? Did 
they enter the information online (define a study 
site)? 


A. Lesson 2: Where do we start? Determining 
True North and Solar Noon 


(science or math teachers—45 minutes) 


1. Students will calculate “Solar Noon" for 
their location. Follow the instructions in 
the Atmosphere section of the Teachers 
Guide, Introduction. Use the local 
Newspaper (Sunrise/Sunset) to make 
calculations. Students need to save their 
calculations for comparison to the ancient 
Greek method of finding True North when 
they again find Solar Noon during the 
next class period. Explain to students the 
process that they will follow during the 
next class period (lesson 3 below). 


B. Lesson 3: Determining True North and Solar 
Noon 


(science or math teachers—45 minutes) 


1. Students will find True North and solar 
noon using sun shadow (Gnomon). The 
teacher will need to set up a gnomon 
(stick in the ground) during the 1* class 
period of the day. Each period the students 
will come outside and mark the movement 


continues a parabola will emerge. The 
lowest point of the parabola is due south. 
The shadow at this point will point due 
north. Record the time as this is Solar 
Noon. Mark a line connecting the gnomon 
and the top of the shadow. This line runs 
True North and South. 


C. Lesson 4: Align compasses to True North 


(science, math or social studies teachers—45 
minutes). 


1. Take classes outside and show the 
students the parabola created the day 
before and the mark for True North. 
Adjust compass for Magnetic North 
*declination" (offset) using the line defined 
by the gnomon activity. 

. Compare the time of Solar noon 
(calculated during lesson 2) to the time 
determined by the gnomon (calculated 
during lesson 3). 


N 


Lessons 5-9: 


Use geometry to mark a perfect pixel (square). 
(science, math or social studies teachers—5-45 
minute sessions). It is recommended that teachers 
refer to the Land Cover/Biology section of the 
GLOBE Teachers Guide for instructions on GLOBE 
Land Cover Protocols and additional Learning 
Activities as needed. 


D. Lesson 5: Setting up a Pixel-45 minutes 
E. Lesson 6: Finding the middle of the Pixel- 
45 minutes 


F. Lesson 7: Site Mapping—45 minutes 


G. Lesson 8: Determine Biometry at Study 
Site-45 minutes 


H. Lesson 9: Determine dominant / 
co-dominant vegetation (45 minutes) 


1. Lesson 10: Technology: Enter data and draw 
maps (45 minutes) 


Im o 


14 of the shadow top every 3 minutes. You | 
can use GLOBE Flags or chalk. As the day 


м 
ә 


ai 
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Lesson 5: Setting up a Pixel (45 minutes) 


1. Choose a point to be the starting corner, 
place flag (South Flag). 


2. From this point, measure North *30 
meters", check with compass, place flag 
(North Flag). 


B North Flag 


‚ Зот 


n 
' 
, 

0 


А fs Flag 


3. From the South Flag, measure 30 meters 
to west (compass bearing). 

4. At the same time (as C) from the North 
Flag, measure 42.42 meters southwest to 
join at southwest corner (this makes a 
triangle with 30 meter sides and a 42.42 
meter hypotenuse), place flag (Southwest 
Flag). 


B® North Flag 


South Flag 


Note: Make sure tapes are pulled tight, and cross 
at 30 meters and 42.42 meters. 


5. Repeat step “D”, but this time measuring 
30 meters west from North Flag, and 
42.42 meters northwest from South Flag, 
place flag (Northwest Flag). 


D id Flag ins 
а uncut tia S B® North Flag 


SW Flag 


30m ^ 

South Flag 

6. To check for accuracy, measure distance 
between Northwest and Southwest Flags, 
the distance should be 30 meters. 


Lesson 6: Find the middle of the Pixel (45 
minutes) 
1. Cross tape measures along diagonals, they 
should meet at 21.21 meters, place flag 
(Pixel Center Flag). 


2. Use GPS unit and data work sheet. 
Perform GPS Protocol (see GPS Investigation 
in the GLOBE manual). 

3. Take pictures (digital camera) from pixel 
center, facing North, East, South, and then 
West 


4. Label and record picture information on 
diskettes. 
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Lesson 7: Site mapping (45 minutes) 

1. Find the number of “steps” it takes you to 
walk 30 meters. 

‚ Using map template (graphing paper), 
create “x - у” axes along square sides, 
using your “steps” as a scale measure. 

3. With your step scale, locate objects within 

your pixel and graph them in your field 

notebook or on your map template, 
identify objects (tree, sidewalk, waterway, 
etc.). 

Optional Activity: Individual student 

groups use overhead transparencies to 

map different elements found within their 

Pixel. These overlays can be combined to 

produce one site map to show the 

different objects. 


N 


S 


42 steps 


A 


[emper ae 
0 42 steps 


AE SG cr 

0 30m 
Note: The activity can be done using the "step 
method" or using a tape measure. Tape measure 
method: Use 2 tape measures, lay each along the 
pixel sides and pace the axes noting where objects 
occur, recording coordinates in meters. 


Lesson 8: Determine “biometry” at Study Site 
(45 minutes) id d 


1. Create Densiometer (Land Cover/Biology, 
Protocols) and Clinometer (Land Cover/ 


Biology, Appendix) in the classroom. Take 
instruments to Study Site. 


Canopy cover assessment (use 

Densiometer tool). 

3. Ground cover assessment (visual 
estimate). 

4. Tree height (use Clinometer tool). 

Tree trunk circumference (at 1.35 meters 

above ground). 

‚ Record MUC (use the GLOBE MUC 

Guide). 


m 


vA. 


о 


Lesson 9: Determine dominant/co-dominant 
vegetation (45 minutes) 
1. Use species identification key (trees of the 
region). 
2. For grasses, use *grassland protocol" 


Lesson 10: Enter data on the GLOBE Sample 
Student Map 

1. Students enter study site location 
information on the www.globe.gov Web 
site including metadata descriptions. 

2. Students produce a sketch map, using 
field notes and study site sketches, of what 
they think the setting looks like as if 
viewed from above (hot air balloon 
hovering 500 m above). 
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Map Explanation 
оск outcrop 
stream 


Б sagebrush 
ШЙ willows 

[E] grasses 

С lupin meadow 


qp? weather station 


Ф soil station 

@ water station 

“Ж human trash 

Æ reptile sighting 
x fish sighting 
bird sighting 

4 mammal sighting 
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Education Materials and Information 


Working with Language and Literacy 
Alternative Teaching Strategies 
Inquiry 
Cooperative Learning 
Student Assessment 
Sample Generic Science Project Rubric 
GLOBE Student Journal Rubric 
GLOBE and Learning 
Scaffolding 
References 


Science Materials and Information 


selecting Your GLOBE Study Sites 

Master List of GLOBE Protocols 

Master List of GLOBE Learning Activities 
Additional Science and Inquiry Concepts 

Address for Submitting Photos, Maps, and Charts 
Illustrations 
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Using GLOBE to Teach 
Literacy and Language 
Skills 


Working with Literacy and Language 
Learners Around the World 

GLOBE is the means to create an enrichment 
program that actively enhances the academic 
achievements of the entire student body, 
ultimately integrating literacy skills in reading and 
writing with all disciplines in the school. Science 
integration into the language classroom provides 
arich context for genuine language usage. Literacy 
skill development can be enhanced using GLOBE 
storybooks that highlight scientific protocol areas 
and integrate grade appropriate inquiry-based 
science activities into school curricula. Many 
teachers are incorporating GLOBE activities into 
projects that require independent research and 
report writing, critical thinking, problem solving 
and data collection. Students can simply read a 
book or they can combine reading with hands- 
on, minds-on investigation and really gain an 
understanding of the literature. Reading about 
water quality doesn't really hit home until students 
have also had the chance to visit the riverbank, 
perform tests on the water and record data in their 
field notebooks! Creative writing activities such 
as Haiku, an easy form of poetry, can also be used 
later in the classroom to describe their findings 
and explore new vocabulary. 


Content-based foreign language programs focus 
on enhancing and reinforcing the regular 
curriculum through a diverse combination of 
lessons that include learning activities in content 
areas spread across the curriculum. Many foreign 
language teachers have begun to weave 
interdisciplinary lessons into their everyday 
classroom teaching in order to provide their 
students with authentic learning situations that 
promote communicative competence. Using the 
GLOBE program, foreign language teachers can 
easily integrate science, mathematics, technology, 


social studies, culture and language into the 
classroom. 


Research has shown that students in programs that 
utilize interdisciplinary, content-based instruction 
make language gains equal or superior to those 
in traditional classrooms; learn large amounts of 
subject matter in less time; develop more positive 
attitudes toward the target language they study 
because it is presented in a meaningful context, 
show increased self-confidence in their ability to 
use the target language; and express an interest in 
pursuing its study. 


GLOBE activities and materials facilitate second 
language acquisition through content-based 
lessons and GLOBE effectively incorporates all five 
goal areas (communication, cultures, connections, 
comparisons, communities) of the National 
Standards in Foreign Language Project (1996).! 
GLOBE students are introduced to other languages 
and cultures as they engage in authentic projects 
and meaningful discussions with one another, 
students in other countries, and world experts in 
the disciplines they are studying. GLOBE activities 
allow students to relate second language lessons 
to familiar subjects and experiences through 
personal involvement in the classroom activities 
and topics studied. Students reinforce and further 
their knowledge of math, science, social studies 
and technology through the foreign language as 
they measure, calculate, report and enter data on 
the Internet. Students also have a means to engage 
in conversational exchanges with their peers in 
other countries who are conducting the same 
Scientific Protocols in their classrooms through 
organized GLOBE Web Chats as well as utilizing 
GLOBEMail, an email system connected to all 
GLOBE schools. Because GLOBE is a worldwide 
program, materials will be available in all six 
United Nations’ languages (English, Spanish, 
French, Russian, Chinese, and Arabic), plus 
German, and more languages are becoming 
available all the time through our international 
Partners. GLOBE introduces students to other 
languages and cultures as they engage in authentic 
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projects and meaningful discussions with one 
another, students in other countries, and world 
experts in the disciplines they are studying. The 
GLOBE Program provides a unique, hands-on 
setting for content-based K-12 language study 
through the age-appropriate educational materials 
and learning activities that promote civic 
competence consistent with the National Social 


Studies Standards (2000)." 


GLOBE is currently being used іп a variety of ways 
to promote literacy skills around the world. In 
countries where students are required to learn 
English as their second language, schools are using 
GLOBE materials written in English. In the United 
States, GLOBE is a means of content-based 
language instruction in many languages. GLOBE 
is also being used as a means to teach English to 
students who are deaf or hard of hearing. These 
students first language is American Sign Language 
(ASL), but through GLOBE they switch to English 
text to read and write—the knowledge required 
to participate in online chats and GLOBEMail. The 
examples above demonstrate many different ways 
that the GLOBE program, when used to 
supplement the school's curriculum, assists 
teachers to bring collaboration into the classroom 
to address the literacy needs of all students. 


Working with English Language Learners in 
the United States (ELLS) 


GLOBE provides teachers the opportunity to assist 
English Language Learners (ELLs) to acquire 
English literacy skills in the regular classroom 
while learning the curriculum outlined for their 
respective grade levels. ELL students also assume 
leadership positions when discussions and 
Internet exchanges related to GLOBE occur with 
other students from their home countries. GLOBE 
provides ELL students access to high-quality 
science information that can be presented, as needed, 
in their native first language. Participatingin GLOBE 
program activities promotes active development of 
Basic Interpersonal Communication Skills (BICS) 
as well as Cognitive Academic Language 
Proficiency (CALP). GLOBE activities and 
materials facilitate English language acquisition 
through content-based lessons and GLOBE 
effectively incorporates the ESL Standards for Pre- 
K-12 Students 1997" , acknowledging the central 


role of language in the understanding and 
achievement of content knowledge. 


New figures released in January 2003 by the 
Census Bureau reported that the Hispanic 
population in the United States, the nation’s largest 
minority group, is now roughly at 37 million. 
GLOBE is a means to create an enrichment 
program that actively includes the Hispanic 
student population in a school while enhancing 
the academic achievement of the entire student 
body, ultimately integrating literacy skills in 
reading and writing with all disciplines in the 
school. 


In regard to teaching ELLs, teachers should 
employ the same teaching strategies used with the 
rest of the class, maintain high grade-level 
expectations, set a challenging pace for covering 
the curriculum, provide students with content and 
resources written in their native language as 
needed, and employ basic teaching practices that 
work with all students. Additional suggestions 
include: 


m 


. Learn as much as possible about each 
students culture and background in order 
to establish direct connections with the 
existing knowledge (generally culturally 
based) that each learner brings to the task 
at hand. 

Allow parents and community members to 

contribute to and be included in the 

instructional process of ELLs. 

. Place students into flexible learning groups 
and utilize tiered assignments, employing 
multiple cueing modes to relay 
information. 

4. Create an instructional program that 
provides abundant and diverse 
opportunities for listening, speaking, 
reading and writing while utilizing a 
variety of different teaching methods. 

‚ Incorporate reading materials that stress 
cultural diversity and positive aspects of 
the various cultures of the world, 
including aspects directly related to the 
student. 

6. Set appropriate linguistic demands so that 

learners are capable of making full use of 


m 
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the verbal skills they possess and are able 
to build upon these skills. 

7. Provide clear, understandable instructions 
for student activities and use visual aides, 
model expected behavior, and provide 
learners with appropriate ways of asking 
for clarification if they do not understand. 

8. Help students negotiate meaning by using 
modified speech, providing visual support, 
and planned meaningful redundancy of 
content (in the students native language if 
needed). 

9. Provide students with discussion periods 
or rehearsal time before each questioning 
session. Use different types of questions 
for checking for understanding and 
increase wait time after questioning. 

10. Use multiple measures for assessing and 
evaluating their work. Aim instruction 
slightly above the students' existing level. 


Alternative Teaching 
Strategies 


Following are 10 strategies that teachers can use 
to create a flourishing and successful learning 
environment for GLOBE activities. 


Strategy 1 
Enhance comfort levels in the classroom. 


Teachers can modify their classroom environments 
to meet the learning style preferences of their 
students. For example, GLOBE-focused 
instructional centers can be created to separate 
students who focus better when classroom stimuli 
are removed. Other students may need softened 
illumination for better concentration, while others 
learn best within an informal seating structure or 
when music is played in the background. Teachers 
may also permit students to have healthy snacks 


when students get hungry and stray from tasks 
on hand. 


Strategy 2 

Introduce new materials through one 
modality (e.g., reading drawing) and then 
change the modality for the reinforcement 
portion of the lesson. 

For example, if you introduce GLOBE Hydrology 
Investigation materials by providing details, further 
activities must help learners make connections 
with the big picture of why this information is 
important. The reverse is also true. If you 
introduce the GLOBE Hydrology materials by 
talking about relevance — general issues with water 
quality—make certain that following discussions 
focus on the issue in the local environment for 
reinforcement. 


Learners also need to apply what they have 
learned. 


* Analyze, synthesize, compare, contrast, 
draw hypotheses, expand information 

* Students convert what they learned into 
new instructional resources to use or share 
with classmates such as, 

— creating crossword puzzles using terms 
from the GLOBE Hydrology 
Investigation area 

— designing a flip chart showing water 
cycle 

- writing a story about a local issue and 
how it was handled through use of 
GLOBE data 


Strategy 3 


Use whole class discussions to follow the 
introduction of topics and for the 
reinforcement of ideas. 

Teachers can lead whole class discussions that 
engage their classes in open or targeted dialogue 
about materials just introduced or an activity 
already conducted. Whole class discussion i$ 
effective only when students critically evaluate 
preconceived ideas, notions and relationships 
about specific topics. Research has also found that 
small group work and individual practice followed 
by whole class discussions improve student 
achievement. 


Whole class discussions can also be effective 
diagnostic tools for determining the depth of 
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students’ understanding and identifying students 
misconceptions. Teachers can identify areas of 
difficulty for particular students, as well as 
ascertaining areas of success and progress for 
others. 


When leading whole class discussions, the 
teachers role is as a facilitator, guiding students 
through an exchange and sharing of ideas. 
Teachers should not use questions to direct 
discussions, but rather to prompt and guide 
students as they change their preconceived ideas 
and notions. 


A teacher may decide to introduce a Soils unit 
through a cooperative learning format such as 
Think-Pair-Share (described in greater detail in one 
of the sample Soils lesson plans included in the 
previous section). Students think about what they 
already know about soil and discuss its 
importance within their groups of two. Once they 
have completed this small group activity, the 
teacher assembles the whole class to discuss soil 
and its importance as an introductory lesson to a 
month-long unit on soils. 


Strategy 4 
Use group work. 


Cooperative learning activities allow students to 
help and support their peers in a group while 
boosting their achievement. Students practice 
interpersonal skills while achieving academic 
goals. Through group work, students encourage 
each other to critically evaluate new and difficult 
information. Cooperative learning groups can be 
used at any stage of learning, whether introducing 
a topic or reinforcing learned concepts. Students 
in cooperative learning groups can conduct almost 
all of the GLOBE Protocols and Learning Activities. 
How to construct and manage these groups is 
explained in the following section. 


Strategy 5 

Allow processing time between the 
introduction of new materials and the 
reinforcement of learned concepts. 

Teachers should plan lessons and activities with 
time for students to process new concepts and 
ideas. Students need time to reflect on and 


synthesize their learning experiences. If students 
are rushed, they may not connect new ideas to 
existing ones. 


As an example, rather than introducing a Land 
Cover Biology unit at the beginning of a class 
period, a teacher could provide a homework 
activity to introduce the unit, Students could be 
asked to describe the land cover of their 
backyards, a nearby park, or other areas close to 
home. Students would then record their 
observations in their journals, paying close 
attention to things that might cause differences 
in the land cover of their study area. Another 
example is providing students with reading 
materials on taxonomy/classification. A teacher 
would ask students to collect 6-12 different leaf 
types and sort them into several piles based on 
similar characteristics. They would record their 
classification schemes in their journals, and bring 
their leaves to school the next day for class 
discussion purposes. 


Strategy 6 

Accommodate individual learning styles and 
means of cognitive processing (global or big 
picture thinking vs. analytical or details- 
oriented, as examples). 

GLOBE Learning Activities and Protocols allow 
teachers to create learning experiences that have 
obvious relevance to students’ lives because they 
provide opportunity to teach and reinforce 
science, math, and other concepts and principles 
within the context of the local environment. 


Concepts, notions, and ideas are more meaningful 
to students when they are presented in the context 
of their everyday lives. Students will increase their 
understanding of a subject if it has a direct 
consequence to their own behaviors. 


GLOBE Learning Activities and Protocols are 
interdisciplinary, providing а vehicle to integrate 
disciplines on a global scale. Using GLOBE 
Learning Activities, Protocols, and Visualizations 
helps students to analyze materials from both the 
“big picture” perspective—thinking about 
implications, patterns, and trends—and 
analytically by examining and interpreting data 
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or thinking about details of a specific event or 
phenomenon. 


GLOBE Learning Activities and Protocols foster 
higher-order thinking through opportunities that 
consider the how and why of environmental 
phenomena. 


Strategy 7 

Use peer and non-peer tutors. 

GLOBE projects that use the Learning Activities 
and Protocols can be done in a less-structured or 
student self-paced manner, as well as one in which 
the teacher provides more structure by pairing 
students with varying strengths and permitting 
them to coach and instruct one another. Older 
GLOBE students in a school or district can also 
assist and mentor younger GLOBE students with 
Protocols, Learning Activities, and research projects. 


Strategy 8 
Use direct instruction and direct protocol 
instruction properly. 


GLOBE fits well with cooperative learning and 


time and explanation depending on | 
students’ grade level. Other activities may 
have more local relevance and, therefore. 
warrant more coverage 

* Provide structure AND choices to your 
students. Permit them to study water 
quality, for example, in several locations of 
choice. Or, allow each group of 3-5 
students to select which soil Lype its 
members wish to study for a class 
presentation. 

* Use homework effectively. Use homework 
to introduce new materials and reinforce 
what was done during the day and for 
student reflection. Asking students to 
answer "why" questions related to daily 
GLOBE activities, or to hypothesize where 
investigation may lead are both effective 
Ways to use homework. Do not turn this 
time into busy work. For example, have 
students design a project to investigate 
what happens to water percolation rates 
with various types of soil 


Strategy 9 
Use computer instruction and other 
technology wisely. 


GLOBE provides many opportunities for students 
to learn and hone their technical skills through 
the use of a computer and 
Measurement instruments. 


other alternate forms of instruction. However, 
there may be times when a more teacher-centered, 
direct instructional mode is warranted such as 
when demonstrating—or teaching how to 
conduct specific Protocols or data entry. Use the 
following tips to maximize the effectiveness of 


ом | many other 
direct instruction: 


* Plan GLOBE activities well ahead of time 
to ensure there is enough time, materials, 
etc. to conduct them. Plan an alternate 
activity in case the weather is not 
Cooperating. 

* Know the science and mathematics 
content related to the investigation to be 
Covered. This helps avoid misconceptions 
and permits discussion of more complex 
and abstract issues or items. 

* Do not rely on verbal (spoken) and detail 
Oriented introductions all the time. 

* Use GLOBE Learning Activities and 


Protocols to keep content relevant to 
students 
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* Computer software tends to favor detail 
oriented students. GLOBE visualizations 
provide experiential, hands-on 
Opportunities for students to look more 
globally at patterns and trends, make 
Predictions, and draw conclusions, giving 
all students the opportunity to learn. 

* GLOBE Web-based activities and 
measuring devices can introduce a topic— 
Serving as the primary lesson 
components—or reinforce content already 
introduced. For example, GLOBE graphs 
of dissolved Oxygen and surface water 
temperature clearly illustrate the inversely 
Proportional relationship of these two 


Yo * Vary the pace of any direct instruction, vari { 
_ 2 Sur COD xar 1 riables. Teachers should show students 
0 Tequire more the graphs without prior instruction to 
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develop an explanation or definition of 
"inversely proportional," or show them the 
graph to illustrate a concept you have 
introduced. 

• You may have to plan for those times 
when the Internet is not available, due to 
intermittent outages, etc. Students can 
manually graph data, develop picture 
boards, and use other ways to continue 
their work. The important part is to not let 
the technology dictate or rule access to 
positive learning experiences for students. 


Strategy 10 


Integrate disciplines in order to help students 
see connections and real world applications, 
help place content into a context, and 
promote deeper understandings. 


GLOBE is a means of bringing virtually every 
classroom in the school together to work on the 
same mission with other students and scientists 
worldwide. Students concentrate on Protocols in 
their science classrooms and math when learning 
scientific research methodologies and 
manipulating data sets. Technology classrooms 
utilize GLOBE data sets to create elaborate charts, 
graphs and maps, comparing their findings with 
other areas around the world to examine data 
critically. 


GLOBE is the perfect standards-based venue to 
conducting projects involving comparative studies 
between the over 100 different countries involved 
in the program. GLOBE supports the multicultural 
study of social studies and geography by providing 
students with hands-on experience with basic 
geographic skills such as understanding latitude, 
longitude, scale, map elements and spatial 


analysis. 


Additionally, foreign language classrooms are 
provided with authentic opportunities for 
communication in many languages through 
GLOBE School-to-School emails (GLOBEmail) 
and Web chats, which provide interactive ways 
for students to work on projects with other schools 
across town or around the world. Because GLOBE 
is a world-wide program, materials will be 
available in all six United Nations’ languages 
(Arabic, Chinese, English, French, Russian, 


Spanish). Many GLOBE countries are doing their 
own translations of GLOBE materials. GLOBE 
students are introduced to other languages and 
cultures as they engage in authentic projects and 
meaningful discussions with one another, students 
in other countries, and world experts in the 
disciplines they are studying. 


Virtually all classrooms in the school can 
participate in GLOBE activities. Students build 
weather stations in their industrial technology 
classrooms while students in agricultural education 
classrooms can actively assist scientists and 
farmers in the field to better track environmental 
events effecting crop production. It is also possible 
to incorporate traditional subjects in the arts and 
humanities (art, drama, drawing, music, 
photography), and language arts (descriptive and 
technical writing, as examples). 


GLOBE provides authentic, life-centered curricula 
and opportunities for meeting the special needs 
found in inclusive classrooms of students with a 
broad range of abilities and learning styles. 
Furthermore, opportunities for cross-age tutoring 
encourage school-wide collaboration, respect for 
the background and perspectives of all students, 
and enhanced content learning and cooperation. 
GLOBE activities are also ideal for after school clubs 
and community service-learning projects. 


GLOBE allows teachers to collaborate between 
disciplines, provides students with a more 
integrated view of their own learning, and enables 
all students to see the interconnection between 
the various subjects they study. GLOBE 
encourages all students to behave as scientists and 
mathematicians while promoting collaboration 
among all content disciplines in the school. 

‘National Standards in Foreign Language Education Project. 
(1996). Standards for Foreign Language Learning: Preparing 


for the 21st Century. Yonkers, NY: Author. ERIC Document 
Reproduction Services No. ED 394 279. 


и Program Standards for the Initial Preparation of Social Studies 
Teachers. (2000) National Council for Social Studies, NCSS, 
2000. 


и ESL Standards for Pre-K-12 Students. (1996). TESOL 
Publications. 
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| Inquiry 


Inquiry is demonstrated by: 


• Learners who are engaged by scientifically 
oriented questions. 

* Learners who develop their own research 
questions. 

* Learners who give priority to evidence, 
allowing them to develop and evaluate 
explanations that address scientifically 
oriented questions. 

* Learners who formulate explanations from 
evidence to address scientifically oriented 
questions. 

* Learners who evaluate their explanations 
in light of alternative explanations, 
particularly those reflecting scientific 
understanding. 

* Learners who communicate and justify 
their proposed explanations.’ 

Questions are the key component to inquiry. 
For a question to be meaningful and relevant for 
a learner he/she must really care about the answer 
to it. Both learners and instructors can pose 
meaningful questions. However, for a question not 
generated by the learner to motivate genuine 
inquiry, it (the question) must be taken over and 
“owned” by the learner. 


Inquiry does not have to start with a clearly 
formulated question—a premise that deviates 
from the standard “steps of the scientific method” 
view of student inquiry. Instructors and students 
have found that some of their most engaging 
inquiry activities arise only after some preliminary 
work (observations, collecting data, etc.) on a 
topic has been carried out, or as a by-product of 
trying to answer some other question. Questions 
may also occur quite spontaneously and 
unexpectedly in the course of reviewing work 
carried out to date. 


The more general point, then, is that inquiry is 
not a “method” of doing science or any other 
subject in which the obligatory first stage in a 
fixed, linear sequence is that of students each 
formulating questions to investigate. Rather, it is 
an approach to the chosen themes and topics in 
which the posing of real questions is positively 
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encouraged, whenever they occur and by whoever 
they are asked. Equally important as the hallmark 
ofan inquiry approach is that all tentative answers 
are taken seriously and are investigated as 
rigorously as the circumstances permit. * 


GLOBE and Inquiry 

The GLOBE program offers a myriad o[ 
opportunities for students to engage in scientific 
sense-making while they conduct their own 
inquiry-based research using the data they collect 
and interaction with their peers and scientists who 
are applying their data to important research. This 
collaborative environment promotes a deeper 
understanding of scientific concepts and allows 
students to begin grappling with scientific ideas 
found in the world around them through 
manipulation of GLOBE data sets,’ and creation 
of maps, graphs and visualizations of their data 
using Multispec and other tools available from the 
interactive GLOBE website,“ 


1 National Academy of Science (2000). Inquiry and the 
National Science Education Standards, Washington, DC: 
National Academy Press, p. 25 


* Adapted from: Wells, G. Dialogic Inquiry in Education: 
Building on the Legacy of Vygotsky. Toronto, CA: Ontario 
Institute for Studies in Education 


> NCTM Standards.National Council of Teachers of 
Mathematics, (2000). Principles and Standards for School 
Mathematics. Reston, VA: Author. hup /iwww.ncun.org/ 
standards/ 


* ISTE (International Society for Technology and Education) 
Standards International Society for Technology in Education 
(2000). National Educational Technology Standards (NETS and 
Performance Indicators for Teachers) Eugene, Oregon, 
USA.http://www.iste.org/standards/ 


` ITEA (International Technology Education Association) 


Standards International Society for Technology in Education. 
(2000). National Educational Technology Standards for 
Students: Connecting Curriculum and Technology. Eugene, 
Oregon, USA. http:/Avww.iteawww.org/TAA/Publicationy 
AETL/AETLListingPage.htm 
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The Process of Scientific Inquiry in Earth Science 
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Documented 


Correct Not Correct 
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Cooperative Learning 


GLOBE provides students with hands-on, relevant 
instructional opportunities to maximize positive 
learning experiences for all students. 


Size and composition: The recommended group 
size for carrying out a GLOBE investigation is 
between three and five students. This allows each 
group member to benefit from the exchange of 
ideas. It also allows group members to actively 
observe and monitor each other to ensure the 
proper procedure is followed for the Protocol being 
investigated. The hands-on nature of the 
investigations allows students with a range of 
ability levels to help and support one another. 


Assigning roles to students: Groups carrying out 
GLOBE investigations function effectively when 
specific responsibilities are placed on individual 
students. Each student is given a role that plays a 
part in the whole investigation. The investigation 
is successful and the data reported are reliable and 
accurate only if individuals carry their share of 
the group effort. The following roles are common 
to all the Protocol investigations: 


Observers — Each GLOBE investigation requires 
individuals to make observations about specific 
scientific phenomenon. As a check for reliability 
and accuracy, three different individuals should 
make at least three observations. 


Recorder — The recorder documents the 
observations of the observers. This person writes 
the observers annotations on corresponding 
Protocol Data Worh Sheets. 


Data Reporter – The Data Reporter is responsible 
for inputting data collected by the observers and 
documented by the recorder onto the GLOBE 
database through the world-wide-web. 


Group behaviors: Students working 
cooperatively together on GLOBE activities will 
be interacting with each other to perform the 
investigative tasks at hand. Conversations will be 
Benerated as group members share their ideas and 
contribute their best thoughts to the task. Students 
will be busy moving around from the outdoor site, 
to the classroom for laboratory analysis, and then 
to a computer for data entry. 


Five Common Formats for Cooperative ) 
Learning 
1. Student Teams-Achievement Divisions 


Require students to complete a common Work 
Sheet in groups of four or five, but to take 
individual tests. The teams score is the result of 
the individual students improvement over past 
performance. 


2. Think-Pair-Share 


Involves three steps: Students first attempt to 
answer a question for themselves, then discuss 
their thoughts with partners, and finally share the 
combined effort with a small group or class 


3. Jigsaw 


Uses teams of three to six. Each group memberis 
given a piece of information and asked to teachit 


to the others. Students can also obtain their own 
information to share. Students are then tested 
individually. 

4. Team Accelerated Instruction 


Combines individualized instruction and 
cooperative learning. Students are assigned 
materials at their level and assisted by peers. 
Group points are obtained through high 


achievement or improvement on individual tests. 
5. Group Investigation 

Isa higher-level process in which students accept 
greater responsibility for their own learning. Small 


groups decide what to investigate, what 
contributions each member will make, and how 
to communicate what they have learned 


Student Roles 


The following is a sample of 10 team roles 
arranged from least to most challenging 


1. Initiators 


Get the group started by stating the task and 
Teminding the team to Stay on task if attention 
wanders. 


2. Quiet Captains 
Remind group when voices are getting too loud. 
3. Timekeepers 


Inform the group of how much time is left and 
whether the group seems to be on schedule 


GLOBE* 2003 
Appendix - 10 mntamamtatien Cine 


4. Cheerleaders 

Encourage the group to give positive feedback to 
group members. 

5, Equalizers 

Attempt to equalize participation by encouraging 
less involved students to contribute. 

6. Recorders 

Write down each significant step, decision, 
question, or statement to be shared with the class. 
7 Presenters 

Read the group decision or describe the group 
project to the class. 

8. Coaches 

Help peers to master materials but do not do the 
work for them. 

9. Reflectors 


Summarize each person's contributions or 
comments to the group on how well they have 
worked together to complete their task(s). 


10. Question Commanders 


Attempt to answer teammates’ questions or 
redirect questions to team members before 
appealing to the teacher for help.’ 


Other roles include: facilitators, quality 
controllers, and technicians. 


For more information on cooperative learning, see 
the following web sites: 


http:/www.jigsaw.org/steps.htm 


http;/swwcutc.edu/Teaching-Resource-Center/ 
CoopLear.html 


http://www.ed. gov/pubs/OR/ConsumerGuides/ 
cooplear.html 


http://www. atozteacherstuff. com/articles/ 
cooperative.shtml 


Student Assessment 


1. GLOBE Portfolios 


Students create a portfolio of measurements, 
reports and analysis of various Protocols within 
investigation areas. 


Student portfolios should provide evidence of 
skills and concepts that have been learned over a 
period of time—they are much more than a “folder 
of student work!” Items to go into a portfolio 
should be carefully selected by students and 
teachers, and should represent a cross-section of 
the student's individual creative efforts. Over the 
course of the year these efforts will involve 
discussions of ideas among students and the 
portfolio contents should show how they 
understand those ideas. Students will gain 
experience looking at problems in new ways and 
will learn how to evaluate their own work. 


Example: 

Portfolios can be designed around themes—such 
as the GLOBE project—or around something such 
as Basic Science Process Skills, which also fits in 
nicely with GLOBE Protocols and Learning 
Activities. The basic science process skills are 
observation, classification, communication, 
measurement, estimation, prediction, and 
inference. Teachers may wish to develop skills 
such as constructing operational definitions and 
controlling variables. 


Students should select examples of their project 
work that reflect their growth and understanding 
of each of the process skills as they work through 
their GLOBE projects from start to finish. Some 
examples of categories for selection of portfolio 
items are, 


sample of work that illustrates a problem 

that was difficult; 

work that shows how student started to 

figure out the problem and solve it; 

* sample that shows a solution was reached; 

+ sample that shows that something new 
was learned; 
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* sample of work in which the student 
needs to keep searching for ideas because 
the solution is incomplete; 

* item of which the student is particularly 
proud; and 

* example of a mistake that turned into a 
positive learning situation 

To further define what a portfolio might contain, 
the following are specific examples of items that 
might be selected to fit into the above categories: 


* Group assignments and team ideas. 

* Any comments and assessments of work — 
self or from someone else. 

* Things written by student. 

* Reflections of student about a task, journal 
entries, reactions and feelings to a 
particular task or activity, collected data 
entries, logs, and research. 

* Problems and investigations. 

* Individual and group projects. 

* Creative expressions such as art, audio- 
and videotapes, and photographs. 

* Rough draíts with completed products. 


Items selected should be dated and accompanied 
by a caption and description. Teachers may also 
consider giving students the freedom to delete, 
improve, or change the contents of their portfolios 
prior to evaluation. 


How will I evaluate a portfolio? 


Portfolios are usually evaluated in several ways. 
For our example, an evaluation might consider: 


* Evidence of Critical and Creative 
Thinking — Examining portfolio for 
evidence that the students work shows 
that he/she 

- Organized and displayed data 

- Could see and analyze patterns 

- Understands the scientific process 

- Used concrete materials such as drawings 
or sketches to help interpret and analyze 
problems 

- Used technology (computers, graphics, 
calculators) to solve problems 

- Searched for information and critically 
examined data 
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* Quality of Activities and Investigation — 
Examine portfolio for examples of how 
student work helped him/her develop an 
understanding of the basic science process 
skills 

* Variety of Approaches and 
Investigations — Does the student 
portfolio show that he/she has used a 
variety of ways to solve problems? 

* Demonstration of Understanding and 
Skill of Prior Learning — The portfolio 
should provide evidence that the student 
understands the reason for using certain 
procedures and methods, what is being 
looked for with each investigation or 
activity, and what the data mean 
Note: Students should also be provided 
with an opportunity for self-evaluation of 
their portfolios at the end of the grading 
period, semester, or year. 


2. Performance Tasks 


Students take measurements and input them into 
the database. You can evaluate students’ ability to 
independently carry out the Protocols and record 
data. 


3. Rubrics 


Rubrics are printed sets of scoring guidelines or 
criteria that teachers use to evaluate work and to 
give feedback. 


Rubrics can be designed that measure students’ 
ability to carry out Protocol investigations. A rubric 
can be developed for one specific activity, or can 
be more generic to cover each group presentation 
that will be made. 


Students should be provided with a rubric for 
assignments at some point prior to the evaluation. 
This enables them to have some important 
information about the work they are about to do 


* By what criteria will you judge their work? 
* What are the differences between work 
you view as “good” and work you think is 
"not so good?" 

How can they focus their preparation and 
tasks on achieving good results? 
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A good rubric should contain the following 
components: 


1. The Performance Element to focus best 
practice, such as "Creativity," Quality of Writing," 
or "Use of GLOBE Data in Analysis." 


2. Scale. The possible points to be assigned (from 
high to low). 


3. Criteria. What are the conditions of 
performance that must be met in order for the 
work to be considered as successful? 


4. Standard. How well must the criteria be met 
in order for the work to be considered as “good?” 


5. Descriptors. Describe each level of 
performance. 


а 
= 
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6. Indicators. "Real" examples of what to look 
for at each level of the performance in order to 
measure learning. 


The following web sites provide useful 
background information and many sample 
rubrics, as well as free tools to help you design 
your own rubrics. 


http://school.discovery.com/schrockguide/ 
assess. html#web 


http://rubistar.4teachers.org/ 


http://www.teach-nology.com/web_tools/rubrics/ 
http://landmark-project.com/classweb/tools/ 
rubric_builder.php3 


! Adapted from Leaver, B. (1997). Teaching the Whole Class, 
4th Ed. Corwin Press. 
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Sample Generic Rubric - For Science Project 


4 
Independently 
identified question 
that was interesting 
and that could be 
investigated. 
Independently 
developed 
hypothesis well- 
substantiated by 
literature review 
and observation of 
similar phenomena. 


Category 
Idea 


Hypothesis 
Development 


Procedures outlined 
in step-by-step 
fashion that could 
be followed by 
anyone without 
additional 
explanation. No 
adult help needed. 
Independently 
identified and 
clearly defined 
which variables 
were going to be 
changed and 
Which were going 
to be measured. 


Description of 
Procedure 


Variables 


Data Collection Data collected 
several times, 
summarized 
independently, in a 
way that clearly 
describes what was 
discovered 


Conclusion and 
Summary 


Provided a detailed 
conclusion clearly 
based on the data 
and related to 
Previous research 
findings and the 
hypothesis 
statements. 


Created using http://rubistar.4teachers.org/ 


3 
Identified, with 
adult help, question 
that was interesting 
and that could be 
investigated. 
Independently 
developed 
hypothesis 
somewhat 
substantiated by 
literature review 
and observation of 
similar phenomena. 
Procedures outlined 
in a step-by-step 
fashion that could 
be followed by 
anyone without 
additional 
explanation. Some 
adult help needed. 
Independently 
identified which 
variables were 
going to be 
changed and 
which were going 
to be measured, 
Some feedback 
was needed to 
clearly define 
variables. 

Data collected more 
than one time. 1t 
was summarized 
independently, in a 
way that clearly 
describes what was 
discovered. 


Provided a 
somewhat detailed 
conclusion clearly 
based on the data 
and related to the 
hypothesis 
statements. 


2 
Identified, with 
adult help, a 
question that could 
be investigated. 


Independently 
developed 
hypothesis 
somewhat 
substantiated by 
literature review or 
observation of 


Procedures outlined 
in a step-by-step 
fashion, but had 1 
or 2 gaps that 
required 
explanation even 
after adult feedback 
had been g 
With adult help, 
identified and 
clearly defined 
which variables 
were going to be 
changed and 
which were going 
to be measured. 


Data collected 
more than one 
time. Adult 
assistance needed 
to clearly 
summarize what 
was discovered 
Provided a 
conclusion with 
some reference to 
the data and the 
hypothesis 
statements. 


1 
Identified a 
question that could 
not be investigated 
or that did not merit 
investigation 
Needed adult 
assistance to 
develop an 
hypothesis or to do 
a basic literature 
review. 


Procedures that 
were outlined were 
seriously 
incomplete or not 
sequential, even 
after adult feedback 
had been given 


Adult help needed 
to identify and 
define almost all 
the variables 


Data collected 
only once and 
adult assistance 
needed to clearly 
summarize what 
was discovered 


No conclusion 

was apparent OR 
important details 
were overlooked 


® 
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GLOBE Student Journal Grading Criteria 


Four Requirements Must Be Met For Entry To Be Considered: 
1. A research question must be asked. 
2. GLOBE data and/or protocols must be used to help answer the research question. 
3. Data used must be presented in the report. 
4. A conclusion to the research question must be presented in the report. 


Standard Grading Items (max 100 points total): 


(See following pages for descriptive criteria.) 


Points| Strength Extent and Demonstrated | Depth/Quality | Discussion of Strength of Logical and 
of research effective understanding of data measurement Conclusion clear flow 
question use of GLOBE | of research analysis and | procedures and from 
data and/or question and use of tables limitations question to 
protocols its relation and graphs to conclusion 
to observations | illustrate this 
Bc Ss ال‎ 
0 
3 
NENNEN GS e 0 7 
9 
12 
total 
Subtotal (max 84) 
Abstract Citations Report Format Neatness and 
presentation 
0 
- 
4 
total 


[Subtotal (max 16) 


Standard Total (max 100) pe 


Extra Credit Items (max 15 points total): 


Points (0-3 each) 


Discussion of topic background given 


Use of supplementary (non-GLOBE) relevant data 


Investigation had impacts outside of the classroom 


4 
Illustrations and/or graphics of exceptional quality and creativity that 
would indicate the possibility of a strong oral/poster presentation 


Research question that indicates student(s) have done considerable 
background research into topic 


E. C. Total (max 15) 


Total Points (standard + extra credit) (max 115) |... m 
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GLOBE Student Journal 
Rubric 


Papers with scores of 70 or above are considered 
appropriate for acceptance. GLOBE will work 
with students whose papers score at least 50 but 
not 70 to help them improve the papers so that 
they are acceptable. Teachers are asked to score 
students' papers before submission to the GLOBE 
Student Journal and not to submit papers that 
score below 50. 
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If a paper fits part of one definition in the rubric 
and part of another, a score intermediate between 
the two should be given. For instance, a paper 
that flows clearly and logically from beginning to 
end with three exceptions would merit a score of 
5. In another case, a paper where students haye 
reflected on the research question and its relation 
to the observations, but insights into the meaning 
or importance of the question are modest would 
merit a score of 7. 


4 


А 
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research and Analysis 84 Points Total 


Points 


Strength 


of research 
question 


No research 
question is 
asked. 


Extent and Demonstrated 
effective understanding 
use of GLOBE of research 
data and/or question and 
Protocols its relation 
to observations 


No GLOBE data 
or Protocols 
are used or the 
Protocols are used 
incorrectly. 


No indication is 
given that students 
have reflected on 
their research 
question and its 
relation to 
observations. 


Depth/Quality | Discussion of Strength of Logical and 
of data measurement Conclusion clear flow 
analysis and | procedures and from 
use of tables limitations question to 
and graphs to conclusion 
illustrate this T E 
Noanalysis of data | No discussion of No conclusion There is no 
is performed OR measurement is present or the logical flow 
no data are procedures is conclusion is not through the 
presented. present. relevant. paper. 


teen 


A research Use of GLOBE Minimal indication Data analysis is The discussion of A conclusion is Some sections of 
question is asked, data and/or is given that performed but is | procedures is vague | present and relevant the paper are 
but it is not Protocols is only students have too simple to or contains to the report but is clearly and 
clearly explained, | a small portion of | reflected on their | address the research | significant errors not supported by logically related 
has an obvious the investigation, research question question or is There is no the data. No to one another. 
answer, does not or use is not and its relation to illogical, poorly discussion of the | explanation is given 
require scientific relevant to observations. explained, or limitations of the for how the 
research to be answering the disorganized. The | procedures used. conclusion was 
answered, oris | research question presentation of data No analysis of reached. 
clearly beyond asked. in tables and/or | errors is attempted. 
the scope of such graphs is incomplete 
a report. or disorganized or 
fails to convey 
relevant information. 
6 A research GLOBE data Students have An analysis of the A clear but A conclusion is The paper flows 
question is asked | and/or Protocols are reflected on the data is performed incomplete present and clearly and 
and explained. used, but not research question | that is appropriate | discussion of the supported by the logically from 
It is answerable enough data are and its relation to | to the research topic | procedures is given. data, but no beginning to 
through scientific | presented to answer | the observations. but the analysis is | The limitations of | explanation is given end with at 
research appropriate | the question, or a Insights into the incomplete, oris | the methods used as to how the most two 
tothe scope of | considerable amount meaning or not clearly are not discussed. conclusion was exceptions. 
this report, but the | of data included is | importance of the explained and The analysis of reached. 
question is not not relevant to the question or its presented. The errors is attempted 
particularly question OR a relation to presentation of but is incorrect. 
insightful or protocol or observations are data is incomplete 
interesting, procedure was not given, are or unclear. 
omitted that is erroneous, or are 
needed to address trivial. 
the research 
uestion. 
9 A clear research | GLOBE data and/or Students have A solid analysis of A clear and A conclusion is The paper flows 
question is asked | Protocols are used, reflected on the the data is complete present and clearly and 
and explained. and the data research question performed, It is discussion of the supported by logically from 
Answering the presented are and its relation to clearly explained procedures is the data. An beginning to 
question requires a | sufficient to answer | the observations. and addresses the | present and some explanation is end. 
thoughtful research the research Good insights into | research question. discussion of given as to how 
plan, and the question, the meaning or The use of tables limitations of the the conclusion 
question is of importance of the and graphs is methods used is was reached. 
scientific interest. question or its appropriate and included. Analysis 
relation to illustrates the of errors has been 
observations are analysis. attempted. 
=. уеп. 
12 А challenging Full advantage is | Students show that | An insightful and А clear, complete A thoughtful There are clear 
and creative taken of GLOBE they have reflected | careful analysis of and insightful conclusion is complete ties 
research question | data and Protocols . on the research | the data is presented. discussion of present and among all 
is asked that will | There is little more question - its It is scientifically the procedures supported by elements of the 
provide significant | that could be done importance and | valid, well explained, and their the data. A paper. The 
insight into both with additional meaning, Students | and fully addresses limitations is thorough and paper flows in 
the topic of GLOBE Protocols clearly understand | the question posed. present. Error insightful a logical 


investigation and 
the research 


the relation of the 
question to 
observations. At 


or types of GLOBE 
data to answer the 


analyses are 
included and 
are performed 


Any mathematics 
and equations are 
presented clearly 


and coherent 
manner without 
any unneeded 


explanation is 
given as to how 
the conclusion 


process. research question. 
Answering the least one deep defining the correctly, was reached elements. 
question requires a insight is provided analysis. Tables and how it is 
clear understanding or one clear and graphs provide supported by 
of the subject matter, connection of the Clear, easily the data analysis. 
question to a understood 
larger topic is illustration of the 
explained. analysis. 
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Communication 16 Points Total 
Points| ^ Abstract ТИ Citations Report Format 


Neatness 
and Presentation 


0 No Abstract Citations are not Report is disorganized Report is Poorly | 
is present. present. or does not contain presented, and/or 
most of the required sloppy, or contains 
elements. numerous spelling 


and grammatical erron, 


Materials used are cited Report is organized Report is neat and | 


2 An abstract is 
present but is but citations are and contains most of well presented but | 
incomplete, does not | incorrect or incomplete. | the required elements. contains greater than 


summarize the report, five spelling and 
or exceeds the grammatical errors; 


designated word limit. | 
4 An abstract is present that] Materials used are cited | Report is well organized Report is neat and well 
presented and 


is complete, summarizes | completely and correctly. and contains all of 
the report, and does not the required elements contains no more 


exceed the designated than five spelling 


word limit. or grammatical errors, 
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4. Science Journals 


Students keep a regular journal of their GLOBE 
experiences, with opportunities to respond to 
specific teacher questions about the activities or 
other opportunities to free-write. Students can also 
submit a report to the GLOBE web site through 
the Students Investigations section. 


Writing through journals or other assignments is 
a tool for connecting thought, feeling and action 
by combining reflective practice, critical thinking, 
and self-awareness—an essential for this 
connection is the own experience of the learner. 
In the mid 19305, John Dewey helped shape the 
relationship between school and society with the 
publication of his book, Experience and Education. 
His ideas of how school should be were based on 
individuals learning through a complex 
intellectual operation entailing observation of 
surrounding conditions, and knowledge of similar 
experiences from the past. Dewey, in conjunction 
with present day researchers, proposed students 
learn best when interest is cultivated with topics 
applicable and pertinent to their own lives. In 
essence, students learn best when they are able to 
tailor topics to fit their individual meaning, while 
contributing their own culture and perspective 
to the learning process. Hence, the connection 
linking prior learning to new learning includes 
reflection to establish a meaningful link to learners’ 
own lives. 


Experience + Reflection = Growth. As this 
equation suggests (and as John Dewey has 
argued), we do not actually learn from experience 
as much as we learn from reflecting on experience. 
Experiential reflection is best used through journal 
and writing practice in the classroom setting. 
Journals/writing help students and instructors 
connect material to applicable situations and 
personal experiences. The purposes for journals/ 
writing include: creating personal connections to 
the content, providing a place to ponder the 
content, collecting observations and data, and 
providing for the practice of writing. Journals/ 
writing also help students and instructors 
synthesize experience, content, and theory. 


Many GLOBE Learning Activities and Protocols 
provide opportunities for reflection because of the 


opportunities they present for students to explore 
their own environment, identify their own 
questions, and test predictions that are based on 
prior knowledge. Asking students to reflect on 
the “how” and “why” of a particular observation 
is an important activity that can lead to curiosity, 
more depth of understanding of content, and 
integration of facts from several disciplines. Peer 
review of student journals or other reflective 
writing assignments provide an additional 
opportunity for students to think critically and 
relate prior knowledge and experience to new 
information. 


5. Open-Ended Questions 


Open-ended questions allow students to answer 
in a variety of ways. They allow teachers to draw 
out information from students to gauge 
understanding of a particular subject matter and 
the connections students are able to make. Open- 
ended questions allow for discussion. Open-ended 
questions focus on students’ understanding, their 
ability to reason, and their ability to apply 
knowledge in a variety of contexts and across 
subject areas. The nature of open-ended questions 
allows students to approach problem solving from 
many different angles. 


Teachers can also use a technique known as 
question-level sequencing in which they start with 
a closed-end, knowledge-based question and 
build to more complex open-ended questions. 


Move from 
* Easy to difficult 
* Singular to complex 
* Experience to abstraction 


More specifically, teachers would move through a 
series of questions using the following model: 


Opening Questions 
* General questions that direct students into 
a text or their notebooks for an answer 


* Introduce and explore ideas, topics, and 
themes 


Core Questions (2-5 questions) 
* Content specific 
* Examine central points 
* Interpret a passage, explore a quotation 
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Closing Questions 

* Establish relevance 

* Connect with real world 

* Apply to self 
Some examples from the GLOBE soils 
investigation area are the following (in the context 
of Blooms taxonomy): 


* What are the three main components of 
soil? (air/water, minerals, organic matter). 

- Which of these will decrease with 

rainfall? 

Why do you think that will happen? 

We learned about the relative 

proportions of each of these materials in 

{ a soil that is good for plant growth. 

ANE What is it about each of these 

if components that makes it important for 

the soil, and why is the proportion 
important for plant growth? 

* Write a definition of bedrock. 

* Is parent material different from bedrock? 

- Ifyes, how? 

- Do you think it is possible to have a soil 
located on a bedrock composed of 
different materials (minerals, etc.)? 

* Why or why not? 


6. Performance-based Assessments 


These are questions, tasks, or activities that require 
students to perform an action. Although 
performances can involve demonstrations or 
presentations, they usually involve students 
explaining how they would answer a question or 
solve a problem by writing a few sentences or 
paragraphs, drawing and explaining a diagram, 
or performing an experiment. Such tasks may take 
i . from 15 minutes to an hour or more and may 
involve some work with a group of students who 
think through the answers and later provide their 
own individually written answers. 


Traditional paper and pencil tests help answer the 
question, “Do you know it?” and performance 
assessment helps answer the question, *How well 
can you use what you know?" or *How well have 
you learned to perform the skills you have been 
taught and practiced?" The challenge is to find 
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the right balance between performance-based and 
other means of effective assessment. 


Performance assessments provide students with 
the opportunity to use knowledge, skills, and 
decision-making as well as their capabilities to 
integrate across disciplines and tasks. Performance 
tasks: 


* Require students to use knowledge and 
skills in the context of real-life situations 
or issues. 

* Demonstrate the extent to which 
individual students deal with a particular 
situation, not just the end result 

* Integrate multiple learning outcomes that 
are content- and skills-based 

* Require the use of complex reasoning 

* Focus on multiple dimensions of students’ 
learning, demonstrating whether 
something is understood for application or 
just memorized.' 


GLOBE and Learning 


What science process (thinking) skills do students use 
to carry out GLOBE activities? 


GLOBE students learn science concepts by 
investigating and experiencing the world around 
them through hands-on activities. The hands-on 
approach of the GLOBE Program allows students 
to actively experience science by doing real 
experiments and critically analyzing data. GLOBE 
investigations and learning activities require 
students to gather information through the senses 
(observing), exchange and discuss ideas 
(communicating), look at similarities and 
differences (comparing), sequence events 
(ordering), group objects or events by like 
characteristics (categorizing), recognize 
interactions, dependencies, and cause-and-effect 
relationships (relating), reason logically using 
Observed evidence (inferring), and put knowledge 
to work to understand phenomenon and 
problems (applying). 


To what extent are math, reading, writing, social 
studies, the humanities, and technology integrated info 
GLOBE activities? 
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Each GLOBE Learning Activity and Protocol has a 
*Gray Box" at the beginning that provides teachers 
with relevant educational and planning 
information about the activity/protocol . Science, 
geography, mathematics, and scientific inquiry 
concepts and skills are provided which align with 
the National Science Education Standards. In 
addition, most activities and protocols include a 
section outlining enrichment activities. The 
worldwide contribution to the GLOBE database 
makes incorporation of social studies activities 
into any learning activity and protocol 
investigation an easy task. Any student data from 
one local area can be compared to data from 
another state, region, or country in the world. 


Students' motivation to learn is peaked when they 
are given a sense of meaningfulness in regard to 
their studies. Because GLOBE links teachers and 
students around the world, it fosters alliances 
among students and increases not only their 
environmental awareness but also their 
understanding of other cultures and their sense 
of a global community. GLOBE allows teachers to 
put the concepts of authentic learning, student- 
scientist partnership, scientific inquiry and 
standards-based pedagogy into practice on an 
unprecedented scale. 


Scaffolding 


The GLOBE Teachers Guide and its contents allow 
teachers to scaffold their lessons: 


Teachers are challenged to deliver standards-based 
learning in an efficient and effective way. One 
method teachers can use to meet this challenge is 
to design unit and lesson plans that are scaffolded 
to allow students to connect new ideas to existing 
ideas at their own levels of understanding. 
Teachers scaffold by reducing complex tasks to 
manageable steps and helping students 
concentrate on one task at a time. This permits 
students to become independent thinkers. 
Teachers must assess students’ current levels of 
competence and ensure that classroom 
experiences and assignments assist them in 
achieving the desired level of competence. 


\ 496 
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GLOBE enables scaffolding by, 

* providing opportunities for varied 
approaches to presenting content; 

* providing age-appropriate, adaptable 
content through printed material and the 
Web; 

* maintaining a Web site as a resource and 
infrastructure for publishing student 
reports, sending email across the world, 
and for Web chats with scientists. GLOBE 
activities also lend themselves well to 
cooperative learning and other discussion- 
oriented activities; 

* providing activities that enable student 
reflection, revision, practice, and 
extension; 

* encouraging students to apply what they 
know to new situations; and 

* promoting independence of students by 
providing multiple opportunities to 
participate and contribute to a class 
project, or by conducting independent 
projects.’ 

Example (Using extrapolation): 

Have students analyze data for their school, 
county, state, region, country, and continent. Let 
them first see how measurements vary for an area 
they are familiar with and for which they have 
taken the measurements themselves. Then 
extrapolate to a larger area. Relate to them how 
scientists are using the data on a larger scale and 
the students’ data collection is contributing to this 
effort. 


Scaffolding through GLOBE involves, 

1. teaching GLOBE activities in a problem- 
solving environment; 

2. using scientific evidence from GLOBE 
activities for verification; 

3. applying critical thinking skills through 
GLOBE activities; and 

4. connecting GLOBE activities into a larger 


picture. 


! Improving America’s Schools: A Newsletter On Issues in School 
Reform, funded and distributed by the U. S. Department of 
Education 


? Source: Adapted From Gay, G. Ontario Institute for Studies 
in Education, Toronto, Ontario, Canada. 
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Selecting Your GLOBE 
Study Sites 


Initial Considerations 


The selection of the local study and sample sites 
can be an opportunity to begin an inventory of 
the area around the school, and to discuss criteria 
for measurement sites. What is a good place to 
measure water temperature, and why? What do 
you have to consider when planning where to dig 
a soil profile? Where can you get representative 
samples of soil moisture, and what might influence 
the choice of sampling strategy? How can Landsat 
imagery help with these decisions? These are only 
a few of the multiple questions that can serve as 
catalysts for learning. 


For each measurement site within your GLOBE 
Study Site there will be hard choices to make 
because no one will have a perfect set of locations. 
This is an opportunity to work on solving 
problems with your students in order to come up 
with the best arrangement for your class, your 
School, and your schedule. We suggest you try to 
come up with several candidates for site selection 
and have your students be active participants in 
the selection process. 


GLOBE Study Site 


Your GLOBE Study Site is the 15 km by 15 km 
area centered on your school. All of the smaller 
study sites are located within this large GLOBE 
Study Site. GLOBE working with the Country 
Coordinators will provide a Landsat Thematic 
Mapper (TM) scene of this area. From an 
instructional standpoint, the goal of these sites is 
to give your students a feel for the physical 
resolution of satellite images as well as providing 
a suitable and convenient area upon which to 
focus student measurement activities. 


Within your 15 km x 15 km GLOBE Study Site, 
you will select several specific study sites, 
corresponding to the individual protocols: 
Atmosphere, Hydrology, Soil Moisture, and Land 


GLOBE* 2003 


Appendix - 22 


Cover/Biology as detailed below. Once established, 
these study sites are locations to which students 
will return again and again to take measurements, 
The Land Cover and Soil Characterization Protocols 
involve measurements which are done only once 
at specific locations which are referred to as sample 
sites. 


Using the GPS Receiver to Determine 
the Location of Your School and Sites 


The GLOBE Program owns GPS receivers which 
are maintained by the University Navstar 
Consortium (UNAVCO). To borrow a GPS 
receiver, U.S. schools should direct their requests 
to UNAVCO. Country coordinators may request 
to borrow GPS receivers from UNAVCO for use 
by their GLOBE schools. For more details, refer 
to the GPS Investigation. 


Atmosphere Study Site 

In the Atmosphere Study Site, your students will 
measure atmospheric variables such as 
temperature, precipitation, cloud type and cloud 
amount. Since these are daily measurements, your 
Atmosphere Study Site should be located on or 
near your school grounds, so that students will 
have easy daily access to the instruments. 
However, there are some special siting 
considerations as detailed below. 


1. Measurements of cloud amount and cloud 
type require an unobstructed view of the 
sky. The middle of a sports field or 
parking lot is an excellent location 

2. For measurements of precipitation, the 
rain gauge (and snowboard) must be in an 
open area with a natural (e.g. grassy) 
surface. Do not place the rain gauge close 
to buildings, trees or high bushes, which 
can affect the amount of rain that collects 
in the rain gauge. An open field, a 
playground, or the side of a sports field 
are excellent locations for the rain gauge 
The snowboard should also be placed in 
an open area, away from buildings, with 
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special care to select a place where snow 
shoveling will not pile snow onto or clear 
snow from the board. 

3. For measurements of temperature, you 
need to put the thermometer in a small 
standardized, protective shelter. This 
shelter, painted white, with slats on the 
sides to let air circulate, is mounted on a 
post. The shelter has a door, enabling 
students to look in to read the 
temperatures. As with the rain gauge, the 
instrument shelter should be in an open 
area with a natural (e.g. grassy) surface, 
away from buildings, trees or high bushes. 


If possible, place the rain gauge within 100 meters 
of the Soil Moisture Study Site (see below), as the 
rain data will help students and scientists better 
understand the soil moisture data. Also, closeness 
will facilitate students taking weekly soil 
temperature measurements at the same time that 
they collect atmosphere data. 


Some schools cannot meet all these criteria for 
locating their Atmosphere Study Site. GLOBE 
encourages such schools to describe carefully all 
the ways in which their site differs from the criteria 
given in this guide and to report this information 
on the Atmosphere Study Site Definition Sheet. For 
more details, refer to the Atmosphere Investigation. 


Hydrology Study Site 

Water characteristics will be measured in your 
GLOBE Study Site, at a body of water, such as a 
lake, river or stream. There are two steps to 
selecting your Hydrology Study Site. First, you 
need to determine which bodies of water (streams, 
rivers, lakes, bays, the ocean, ponds, and 
reservoirs) are in your GLOBE Study Site. You can 
determine this from local maps or from the 
Landsat image of your GLOBE Study Site. Second, 
you need to select one that is most appropriate 
for the Hydrology Investigation. 


Ideally, the Hydrology Study Site should be within 
the major watershed of the 15 km by 15 km 
GLOBE Study Site, and connected to water 
systems that flow into larger river or estuary 
systems. This means that if your site includes more 
than one watershed, you have to figure out which 


one is most important. Within this watershed, 
select a specific site where the hydrology 
measurements (water temperature, dissolved 
oxygen, nitrate, pH, alkalinity, turbidity, and 
either conductivity or salinity) will be taken. 


If the selected study site is a moving body of water 
(i.e. stream or river), locate your sampling site at 
a riffle area as opposed to still water or rapids. 
This will provide a more representative 
measurement of the water in the stream or river. 


If the selected study site is a still body of water 
(i.e. a lake or reservoir), find a sampling site near 
the outlet area or along the middle of the water 
body. Avoid inlet areas. A bridge or a pier are good 
choices. If your water body is brackish or salty, 
you will need to know the times of high and low 
tide at a location as close as possible to your study 
site. 


Hydrology measurements should be taken weekly, 
and therefore it is important that your study site 
be easily accessible to students on a routine basis. 
A site which is ideal from a science perspective 
but where transportation problems prevent 
students from taking measurements regularly is 
not as good as an acceptable site whose location 
is conducive to routine observations. 


Soil Study and Sample Sites 


For the Soil Investigation, there are two types of 
sites: Soil Characterization Sample Sites and a Soil 
Moisture Study Site. 


At Soil Characterization Sample Sites, holes will 
be dug to expose the soil profile and permit the 
collection of soil samples and the examination of 
the various soil layers or horizons. One site should 
be located within the Biology Study Site in order 
to link the soil type with land cover 
characteristics. A second site should be located 
as close as possible to the Soil Moisture Study 
Site. In this way, the soil properties needed to 
interpret soil moisture measurements can be 
determined. 


At Soil Moisture Study Sites, either of two soil 
moisture measurement techniques may be 
employed. The first uses a technique called 
gravimetric sampling and simply involves 
collecting soil samples and drying them to 
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determine their moisture content. Samples are 
collected 12 times during a year, and the timing 
and pattern of collection are chosen by you and 
your students from a set of options described in 
the Soil Investigation. The second, which is 
optional and only recommended for advanced 
students in areas where the soil is not acidic, 
involves burying gypsum block moisture sensors 
at four specified depths in the soil and collecting 
readings from the sensors on a daily basis. Wires 
extend from the buried blocks to the surface, and 
to take a reading, you connect a meter to each 
pair of wires in turn. 


The time it takes water to infiltrate the soil and 
the near-surface soil temperature are measured at 
the Soil Moisture Study Site. The timing and 
sampling pattern for these observations along with 
the details on all soil measurements are described 
in the Soil Investigation. 


To enable correlation of the atmosphere data with 
the soil moisture and temperature data, a Soil 
Moisture Study Site must be located within 100 
m ofthe rain gauge in the Atmosphere Study Site. 
This results in there being a single Atmosphere 
and Soil Moisture Study Site. If this collocation is 
not possible, a second rain gauge can be placed at 
the Soil Moisture Study Site and monitored during 
the period in which Soil Moisture measurements 
are being collected to provide the needed data on 
moisture input to the soil. These precipitation data 
can be reported to GLOBE by defining a second 
Atmosphere Study Site at which only the 
precipitation data are collected and reported. Soil 
temperature data can be collected at the 
Atmosphere Study Site throughout the year and 
at the Soil Moisture Study Site during the period 
in which soil moisture measurements are being 
collected to provide data for correlation with both 
soil moisture and atmospheric temperature. 


pg Cover/Biology Study and Sample 
Sites 


In the Land Cover/Biology Investigation students 
monitor the changes in vegetation at a Biology 
Study Site and characterize the land cover of the 
GLOBE Study Site by making observations at a 
number of Land Cover Sample Sites. The data 
from these sample sites are compared with the 


Landsat data and images of your 15 km by 15 km 
GLOBE Study Site to determine the accuracy of 
the satellite observations. This accuracy 
assessment is done by scientists and can be done 
by your students as well. 


Land Cover Sample Sites, which are used to 
document land cover characteristics, are 90 m by 
90 m in size. The site must be in an area with 
similar (homogeneous) cover. These 
characteristics are needed to enable verification 
of satellite data. 


As you have time (perhaps over several years) your 
students should observe at least one Land Cover 
Sample Site for each major type of land cover 
found within your GLOBE Study Site. In GLOBE, 
land cover is classified using the Modified 
UNESCO Classification (MUC) found in the Land 
Cover/Biology Investigation. 


Your Biology Study Site is a 30 m by 30 m area of 
natural vegetation. All new Biometry Study Sites 
must be located within one of the Land Cover 
Sample Sites. Biometry measurements are made 
once or twice each year — in the growing season 
and in the adverse season if there is one, so access 
to the site is less of an issue than for sites of more 
frequent measurements. Students can practice 
biometry observations at a location adjacent to 
the school. 


For further information on setting up these Land 
Cover and Biology Sites, see the Land Cover/Biology 
Investigation. 
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Master List of GLOBE Protocols 


This is a comprehensive list of the GLOBE Protocols (measurements) your students can take as active participants in 
the GLOBE program. The Protocols are arranged by investigation area. 


Investigation Area 


Recommended Measurement 


Source of Materials 


Frequency Range 
p— 


Relative Humidity Protocol 


Precipitation Protocols (based on local precipitation) 


Maximum, Minimum, and Current 
Temperature Protocol 


Digital Multi-Day Maximum/Minimum Soil and 
Air Temperatures Protocol 
Automated Soil and Air Temperature 
Monitoring Protocol 


Atmosphere Sar | Annually| Once | Рим cp Web 

Annually | per site = 
Instrument Construction, Site Selection and Setup Ж X X X 
Cloud Protocols | X X x 
Aerosol Protocol X X X 
Water Vapor Protocol X iml X 
Optional Barometric Pressure Protocol X 


Surface Temperature Protocol 


Surface Ozone Protocol 


AWS WeatherNet Protocol 


Automated Weather Station Protocols 


Investigation Area 


commended Measurement 
Frequency Range 


Source of Materials 


Hydrology 


Re 
Daily 
L- 


Weekly 


Monthly | Seasonally| Semi- |Annually| Once | Prim 


per site. 


— 


Web 


Instrument Construction, Site Selection and 
Sampling Procedures 


x< 


Water Transparency Protocol 


|_ Water Temperature Protocol 


Dissolved Oxygen Protocol 


Electrical Conductivity Protocol 


Salinity Protocols 


Water pH Protocol 


{| 


Alkalinity Protocol 


Nitrate Protocol 


ра [ра |р рр рр | Ms [а | OX 


р ре рр | | | рр ро 


Freshwater Macroinvertebrates 


Optional Salinity Titration 


Marine Macroinvertebrates 
Ке 


xxxix a Ba a Oa Do |м ж 


[S| ot LL Ls x] | 
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Master List of GLOBE Protocols – Page 2 


Investigation Area Recommended Measurement Source of Material; j 
Frequency Range 
Soil Daily | Weekly | Monthly {Seasonally x Annually | Once Print cp m 
(Annually per site | 8 
Selecting, Exposing, and Describing a x |x x |x 
Soil Characterization Site 
Soil Characterization Protocol Бала аа х |х X |5 
Soil Temperature Protocol X|X [Spel X X | X 
Automated Soil & Air Temp. Monitoring Protocol [ LX LX | 
Digital Multi-Day Maximum/Minimum Soil and x | x x |x 
Air Temperature Protocol 
Digital Multi-Day Soil Temperatures Protocol X | X 
Gravimetric Soil Moisture Protocol x | x5 
Soil Moisture Sensor Protocol X eat jeje RA ae шө K | X 
Bulk Density Protocol ENG X [|X хх 
Soil Particle Density Protocol En pul X|X X | XM 
Particle Size Distribution Protocol peg aa m X | XK X | X 
Soil pH Protocol (КЫЛ X|X X | X 
Soil Fertility Protocol Е =H x|x |х| Ж 
Water Infiltration Protocol ———- а "| X|X | 
Davis Soil Moisture and Temperature Station Protocol ES a м il ДУ X X 
Investigation Area Recommended Measurement Source of Materials 
Frequency Range Em 
Land Cover Daily | Weekly | Monthly | Seasonally) Semi- [+ Once | Prim cp | we 
: z 24 [Annually per site = ЕЕЕ: 
Site Selection рч хх X [|X 
Investigation Instruments + x | xX x | X 
Land Cover Sample Site Protocol Г ا‎ C | X X 


|_ Biometry Protocol* 


Manual Land Cover Mapping Protocol* 


Computerized MultiSpec Land 
Cover Mapping Protocol* 


Land Cover Change Detection Protocol* 


Fire Fuel Ecology 


* Ongoing activities until study site is completely mapped 
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Master List of GLOBE Protocols — Page 3 


Recommended Measurement Source of Materials 


Frequency Range 


Investigation Area 


GPS 


lc GPS Measurement Protocol 


GPS Offset Measurement Protocol (if needed) 


Recommended Measurement 


Investigation Area 
Frequency Range 


Earth as a System 


Budburst Protocol 


Green-Up Protocol 


Green-Down Protocol 


Ruby-Throated Hummingbird Protocol 


Lilac Phenology Protocol 


Phenological Gardens Protocol 


Seaweed Reproduction Phenology Protocol 


Arctic Bird Migration Monitoring Protocol 


** Included only in a separate, limited print run 
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Master List of GLOBE Learning Activities 


Investigation Area 


Source of Materials 


Atmosphere 


| Observing, Describing, and Identifying Clouds 


Estimating Cloud Cover: A Simulation 
Observing Visibility and Sky Cover 
| Making a Sundial 

Calculating Relative Air Mass 
Studying the Instrument Shelter 


Building a Thermometer 
Cloud Watch 


Constructing a Model of Parts Per Billion Surface 
Ozone in the Air 


| Making a Contour Map 
Draw Your Own Data Visualization 


Learning to Use Data Visualizations: An Example with 


| Investigation Area 


Model a Catchment Basin 
Water Detectives 

The pH Game 

|. Practicing Your Hydrology Protocols 


Why do we study soil? 
Just Passing Through - Beginner Level 


Soil and My Backyard 

A Field View of Soil — Digging Around 
| Soil as Sponges: How much water does soil hold? 
Soil: The Great Decomposer 
| The Data Game 
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Elevation and Temperature " 3 


Hydrology Print | CD | Web | 
Water Walk X X 


Model Your Water Balance X X X 


Investigation Area 


СӘ ЩЕШЕ ху a 
X 


Source of Materials 


X X 
X X X 


X X X 


cus 
Just Passing Through — Advanced Level ШОК x | х 
From Mud Pies to Bricks X 
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Master List of GLOBE Learning Activities — Page 2 


Investigation Area 


Source of Materials 


ZEE 


Land Cover/Biology 


Print 


Getting to Know Your Satellite Imagery and your GLOBE Study Site 


Site Seeing — Beginner Level 
Site Seeing — Intermediate Level 


Leaf Classification 


Odyssey of the Eyes — Beginner Level 


Odyssey of the Eyes — Intermediate Level 


Odyssey of the Eyes — Advanced Level 


Bird Beak Accuracy Assessment 
Discovery Area — Utilizing Land Cover Maps to Make Decisions 


Using GLOBE Data to Analyze Land Cover 


Investigation Area 


Source of Materials 


GPS Print | CD Web | 
What is the right answer? X X 
Relative and Absolute Directions X X X 


Investigation Area 


Source of Materials 


Earth as a System 


Print 


Web 


51: What can we learn about our seasons? 


S2: What are some factors that affect seasonal patterns? 


{ 


S3: How do seasonal temperature patterns vary 
among different regions of the world? 


54: Modeling the reasons for seasonal change 
55: Seasonal change on land and water 


P 


— 


: Green-up cards 


|_P2: A sneak preview of budburst 


P3: A first look at Phenology 


р [р |< |<] x 
KIKI] xix 


| 


i 
P4: A beginning look at photosynthesis 


| 


| Р: Investigating leaf pigments 
P6: Global patterns in Green-up and Green-down 


P7: Temperature and precipitation as limiting factors in ecosystems 


LC1: Connecting the parts of the study site 


LC2: Representing the study site in a diagram 


LC3: Using graphs to show connections 


LC4: Diagramming the study site for others 


LC5: Comparing the study site to one in another region 
RCI: Defining regional boundaries 


P| PS | PS] S| Lad Lad Ead | | OS 


| 


RC2: Effects of inputs and outputs on a region 


ССІ: Your regional and global connection 


DS | PS | OM | OS |< La 


GC2: Components of the earth system working together 


=“ ра |р | OS 


| 
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n Inquiry Concepts 


These are science and inquiry concepts found in the protocols and learning activities for the GLOBE 
investigations but which have not already been listed in the National Science Education Standards 


tables. 


Atmosphere 
Earth and Space Science Concepts 

The atmosphere has different properties at 
different altitudes. 

The diurnal and seasonal motion of the sun 
across the sky can be observed and 
described. 

Clouds can be described by quantitative 
measurements. 

Clouds change over different temporal and 
spatial scales. 

Clouds are identified by their shape, altitude, 
composition, and precipitation 
characteristics. 

Clouds help us to understand and predict the 
weather. 

Aerosols decrease the amount of solar energy 
reaching Earth surface. 

Aerosols in the atmosphere increase haze, 
decrease visibility, and affect air quality. 

Precipitation forms by condensation of water 
vapor in the atmosphere. 

Air pressure is a measure of the weight of the 
atmosphere per unit area. 

Changes in barometric pressure can be used 
to help predict weather. 

Water circulates through the biosphere. 

Soil temperature varies with air temperature. 

Soil temperature varies less that air 
temperature. 

The path length of incident sunlight through 
the atmosphere (relative air mass) varies as 

| a function of the solar elevation angle. 
Geography Concepts 

Human activities can modify the air quality 

and the composition of the atmosphere. 


7 


Ф 


Hydrology 
Earth and Space Science 
Tides are caused by gravity. 
Some soils can retain more water than other 
soils. 
Physical Science 
Water has characteristic properties such as 
density and solubility. 
Life Sciences 
The number of organisms a system can support 
depends on the resources available 
Geography 
The physical characteristics of ecosystems are 
spatially distributed. 
Scientific Inquiry Abilities 
Use a chemical test kit to measure alkalinity. 
Use a conductivity meter to measure 
conductivity of water. 
Use a chemical test kit to measure dissolved 
oxygen. 
Use a chemical test kit to measure nitrates. 
Use a chemical test kit to measure salinity. 
Use a hydrometer to measure salinity. 
Use a thermometer to measure water 
temperature. 
Use a transparency tube or Secchi disk to 
measure water transparency. 
Use a chemical test strip or pH meter to 
measure pH. 
Identify answerable questions. 
Design and conduct scientific investigations. 
Employ equipment, tools, to gather data and 
extend the senses, 
Use appropriate mathematics to analyze data. 
Develop descriptions and explanations using 
evidence. 
Use data to construct a reasonable explanation 
Recognize and analyze alternative explanations 
Communicate procedures, investigations and 
explanations. 
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Soil 
Earth and Space Science 

Soils have properties such as color, texture, 
structure, consistence, density, pH, 
moisture, and heat that support the 
growth of many types of plants and serve 
numerous other functions in the 
ecosystem. 

Life Science 

Organisms can only survive in environments 
where their needs are met. 

Earth has many different environments that 
support many different combinations of 
organisms. 

All populations living together and the 
physical factors with which they interact 
constitute an ecosystem. 

Science in Personal and Social Perspective 

Building materials are made from basic 
resources. 


Land Cover/Biology 

Earth and Space Science Concepts 
The surface of the Earth changes. 

Physical Science Concepts 

Measuring instruments can be used to 
gather accurate information. 

Objects have observable properties that can 
be measured using these properties.. 

Objects have observable properties that can 
be measured using tools. 

People can often learn about things around 
them just by observing. 

Describing things as accurately as possible is 
important. 

Symbols are alternative ways of representing 
data. 

Life Science Concepts 

Humans can change ecosystem balance. 

Each plant has different structures but some 
plants are alike in the way they look. 

Plants have features that help them live in 
different environments. 

Geography Concepts 

The changing physical and human 
characteristics of places 

The characteristics and spatial distribution 
of ecosystems. 

Human activities influence changes in 
ecosystems. 

How to analyze the spatial distributions and 
patterns of population. 

Maps and satellite-produced images. 

How to display spatial information on maps 
and other geographic representations. 

Local and global patterns of ecosystems. 

The relative advantages and disadvantages 
of using maps, satellite images, and 
models to solve geographic problems. 

How to use geographic knowledge, skills, 
and perspectives to analyze problems and 
make decisions. 

How to use technologies to represent and 
interpret Earth's physical and human 
systems. 

How places change over time. 

The distribution of major physical features 
at different scales. 


GLOBE*2003 


Appendix — 31 


Implementation Guide 


uonnponur 


510203024 


saniany SuiuJea] 


xipueddy 


How to describe the students own region 
from different perspectives. 

The spatial concepts of location, distance, 
direction, and scale. 


Characteristics, functions, and applications of 


maps, globes, and satellite images. 
Science and Technology 

Technology is essential to science. 

People have always had questions about the 
world. Science is one way of answering 
questions. 

Scientists in different disciplines ask different 
questions, use different methods of 
investigations. 

Scientists rely on technology to enhance the 
gathering and manipulation of data. 

Clear communication is an essential part of 
doing science. 

Land Cover Enrichment 

Clustering is a way to separate different land 
cover classes using spectral patterns. 

Assessing 

the accuracy of a land cover type map. 

A homogeneous 90 m x 90 m Land Cover 
Sample Site can be considered a system. 

Your system includes components such as 
plants, water, soil, rocks, and animals. 

Your system has inputs such as solar energy, 
water, carbon dioxide, oxygen, and dust. 

Your system has outputs such as water, 
carbon dioxide, oxygen, heat, and waste 
products. 

A map is a symbolic representation of a 
certain area. 

A map of the same area can be represented 
with different scales. 

Field of view is how large an area you can 
perceive. 

The field of view increases as the distance 
from the ground or object increases. 

Remote sensing in collecting data about 
something from a distance. 

Objects in a remotely sensed image are 
interpreted and digitized into a code based 
on the objects reflectance of bands of 
light. 

The image codes are relayed through a 
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satellite dish to a computer for Storage or 
enhancement. 

Image display is accomplished by conversion 
of stored data to a used-defined color- 
coded image. 


Students become aware of land cover 


changes in their surroundings. 


Scientific Enterprise 


Computers have become invaluable in 
science, 

Processes That Shape the Earth 

Human activities have changed the land. 


Scientific Inquiry Abilities 


Develop predictions using evidence. 

Propose an answer to a question using the 
land cover type map created. 

Propose answers to questions about the 
system described. 

Test the accuracy of land cover maps. 

Scientists conduct investigations for a variety 
of reasons. 

Usually there is no one right way to solve a 
problem. 

Identify questions that can be answered by 
interpreting satellite images of the GLOBE 
Study Site. 

Interpret satellite imagery in order to answer 
à question using MultiSpec software, a 
computer, and other appropriate tools and 
technologies. 

Identify questions about the amount or type 
of change that has taken place in the 
GLOBE Study Site 

Composite two images into one using 
MultiSpec software. 

Draw pictures that correctly portray at least 
some of the features of the thing being 
described. 

Communication involves coding and 
decoding. 

Tables, graphs, and symbols are alternative 
Ways of representing data. 

Use numerical data in describing and 
comparing objects and events. 

Observe, interpret, and classify and image 
using the data given. 
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Analyze how the image interpretation might 
vary between groups. 

Use numerical data for describing and 
comparing the accuracy of the data. 


GPS 
Earth and Space Science 

Earth materials have different physical 

properties (magnetism). 
Physical Science 

The position of an object can be described by 
locating it relative to another object. 

Materials have measurable properties 
(magnetism). 

Science Concepts 

Latitude and longitude determine location. 

A compass may be used the Earth's magnetic 
field to give direction. 

Levels of measurement incorporate degrees 
of accuracy. 

There are mathematical techniques for 
characterizing the accuracy of a 
measurement. 

Geography 

Location is used to display information on 
maps. 

Tools and technologies have distinct 
characteristics and capabilities. 

Use appropriate geographic tools. 

Latitude and longitude may be displayed on 
maps. 

Science Inquiry Abilities 

Use a magnetic compass to accurately 
determine angular direction. 

Using a GPS receiver to determine latitude 
and longitude. 

Use a compass to determine true north and 
south. 

Identify answerable questions. 

Design and conduct scientific investigations. 

Develop descriptions and explanations using 
evidence. 

Communicate procedures and explanations. 

Use appropriate mathematics to analyze data. 


Earth System Science 


Life Science 

Organisms have basic needs. 

Dominant plant species. 

Green-up varies among different locations. 

Green-up is related to climate. 

Green-up marks the start of photosynthesis 
for the season. 

Scientific Inquiry Abilities 

Identify answerable questions. 

Generating questions and developing 
hypotheses. 

Design and conduct scientific investigations. 

Use appropriate tools and techniques. 

Use appropriate mathematics to analyze data. 

Recognize and analyze alternative 
explanations. 

Develop descriptions, explanations, and 
predictions using evidence. 

Use evidence to support conclusions. 

Communicate procedures, descriptions, 
explanations, predictions, conclusions, 
and results. 

Analyzing and interpreting results 

Organizing observations in tables and 
graphs. 

Representing information with pictures, 
numbers, and photographs. 

Inferring 

Hypothesizing predicting 

Setting up and carrying out a simple 
investigation. 

Sharing and comparing observations, 
predictions, and conclusions. 

Communicating science concepts through 
diagramming. 

Collaborate to develop a class project. 

Observing patterns at different scales 

Measuring 

Classifying 

Collecting data 

Comparing across multiple variables 

Presenting materials to a group. 

Observing leaf growth. 

Making leaf measurements. 


3 
8 
а 
о. 
i 


xipueddy 


GLOBE" 2003 Appendix - 33 Implementation Guide 


Observing seasonal changes 

Identify plant phenophases 

Drawing conclusions about which factors can 
influence seasonal patterns. 

Reading and interpreting maps. 

Making maps. 

Recording observations in GLOBE Science 
Logs. 

Mapping data with GLOBE student Data 
Server to explore seasonal temperature 
patterns. 

Graphing GLOBE data to show seasonal 
patterns. 

Making graphs on the Internet. 

Comparing graphs and analyzing data to 
determine the effects of latitude, elevation, 
and geographical features. 

Comparing maps, graphs, and data tables as 
tools for data analysis. 

Identify, age, and sex Ruby-throated 
Hummingbirds. 

Count living, moving hummingbirds. 

Plant and care for hummingbird habitats. 

Planting and caring for shrubs 

Analyzing images of the Earth from space. 

Identify flower and shrub species. 

Estimate dominant plant species. 

Identify plant species (advanced). 

Modeling and analyzing three-dimensional 
relationships that vary in time. 

Analyzing visualizations for important 
patterns. 

Comparing and contrasting visualizations. 

Analyzing patterns in color visualizations. 

Assembling a three-dimensional model from 
a flat plane. 

Analyzing global data sets displayed on 
maps. 

Observing the Earth system. 

Discriminating among different factors that 
can affect ecosystem growth. 
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Address for Submitting 
Photos, Maps, and Charts 


How to Submit Photos and Maps 


Several GLOBE measurements ask for you to 
submit photos or maps to GLOBE. After you have 
reported any related data for these Protocols, please 
submit the maps and photos, either electronically 
or as email attachments sent to: mailto: 
photos@globe.gov 


Hard copies should be mailed to: 


The GLOBE Program 
RO. Box 3000 

Boulder CO 80307-3000 
USA 


Note: Address to be added soon based on input 
from new GLOBE cooperator as selected by NASA. 
If you are submitting prints from traditional 
photographs, please have two sets of prints 
developed. Retain one set of prints for your school 
and send the other set of prints to GLOBE. 
Likewise, if you are submitting hard copies of 
maps, be sure to retain copies (or the originals) 
for your school, while submitting one completed 
copy to GLOBE at the address above. 


For each site that you are sending maps and 
pictures, please include a message that states, 


* school Name — As registered in the 
GLOBE Database; 

* GLOBE School Identification Number; 

* site name and number (We find it useful if 
you include the site type codes like LCN- 
02, BIO-01, and LCL-03); 

* GPS Coordinates and Altitude of this site; 

name of GLOBE Protocols associated with 

this site; 

a photocopy of the site definition sheet for 

that study site (if possible); and 

anything else you think is important 

(metadata). 


If possible please also include a photocopy of the 
data entry sheet for that study site. 


For each individual picture and map we require 
the following information be written on the back 
of prints of regular photos and hard copies of maps 
sent in by mail, or included in the text of the email 
for electronic submissions: 


* Site name and number (We find it useful if 
you include the site type codes like LCN- 
02, BIO-01, and LCL-03). 

* Date and time picture taken or map 
completed (UTM) 

* An appropriate caption, if applicable (eg, 
Bud Break, Leaf Drop, Flowering, Color 
Change, Leaf Expansion) 

* Any additional information required by 

the Protocol (eg. Orientation for photos of 

Land Cover Sample Sites) 

Anything else you think is important 

(metadata) 
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Source: Jan Smolík, 1996, TEREZA, Association for Environmental Education, Czech Republic 
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Source: Jan Smolík, 1996, TEREZA, Association for Environmental Education, Czech Republic 
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AGLOBE' Learning Investigation 


os Protocols 


Daily measurements within one hour of local solar noon: 
precipitation (rain or snow) including precipitation pH 
maximum and minimum temperature for the last 24 hours 

(if using a Digital Multi-Day Max/Min thermometer this can 
be read at anytime of day) 

At least one measurement per day: 
cloud cover and type and contrail cover and type 
aerosols 
water vapor 
relative humidity 
snow pack 
current temperature 
surface temperature 
ozone 


Suggested Sequence of Activities 


* Read the Introduction, especially the sections What Measurements Are Taken and Getting 
Started. 

* Read the brief description of the learning activities at the beginning of the Learning Activities 
section. 

* Review the protocols and plan which measurements your students will take; feel free to start 
with an easily sustained level of effort and then expand. 

* Order any new or replacement instruments required. 

* Cloud measurements are the easiest place to start and are required for several other 
protocols; do these activities with your students before beginning cloud observations: 

Observing, Describing, and Identifying Clouds 
Estimating Cloud Cover: A Simulation 

* Install the instrument shelter which is required for taking air temperature measurements. 

* Check the calibrations of your instruments (thermometers and barometer or altimeter). 

* Have students define their Atmosphere Study Site and submit site definition data to GLOBE. 

* Install your rain gauge and barometer or altimeter and plan out measurement logistics (such 
as where will required instruments and materials stay, timing and time requirements, etc.). 

* Choose which Atmosphere Data Sheets your students will use and copy them. 

* Copy the Field Guides for the protocols your students will follow. 

* Teach students how to take the measurements following the Field Guides, record their 
readings on the Data Sheet (s), and report data to GLOBE, 

* Transfer to the students as much responsibility as practical for taking measurements and 
reporting data. 

* Have students look at their data and comparable data from other schools. 

* Engage students in inquiry and help middle and secondary students conduct student 
research projects using the Looking at the Data sections of the protocols. 
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Table of Contents 


Introduction 
Why Investigate the Аїтто<рһеге?............................- Introduction 2 
The Big Picture .... Introduction 3 
GLOBE Measurements р „... Introduction 4 
Getting Started... nennen Introduction 10 
Protocols 


Instrument Construction, Site Selection, and Set-Up 

Cloud Protocols 

Aerosols Protocol 

Water Vapor Protocol 

Relative Humidity Protocol 

Precipitation Protocols 

Digital Multi-Day Max/Min/Current Air and Soil Temperature 
Protocol 

Maximum, Minimum, and Current Air Temperature Protocol 

Surface Temperature Protocol 

Ozone Protocol 

Optional Automated Weather Station Protocols* 

Optional Barometric Pressure Protocol* 

Optional Automated Soil and Air Temperature Monitoring Protocol* 

Optional AWS Weathernet Protocol” 


Learning Activities 

Observing, Describing, and Identifying Clouds 

Estimating Cloud Cover 

Cloud Watch 

Observing Visibility and Sky Color 

Making a Sundial 

Calculating Relative Air Mass 

Studying the Instrument Shelter* 

Building a Thermometer” 

Constructing a Model of Parts Per Billion Surface Ozone 
in the Air* 

Making a Contour Map* 

Draw Your Own Data Visualization* 


Learning to Use Data Visualizations: 
An Example with Elevation and Temperature* 


* See the full e-guide version of the Teacher's Guide available on the GLOBE Web site and CD-ROM. 
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Data Sheets ...ccccccsssesscsssecsssnseccsssessssssscsessueecssnecsenecessnecsnecsuscesnennneeanecens Appendix 3 


Clouds 1-Measurement Data Sheet 
Clouds 7-Measurement Data Sheet 
Integrated 1-Day Data Sheet 
Integrated 7-Day Data Sheet 
Aerosols Data Sheet 

Water Vapor Data Sheet 


Digital Max/Min Thermometer Calibration 
and Reset Data Sheet 


Digital Multi-Day Max/Min Data Sheet 
Surface Temperature Data Sheet 
Ozone Data Sheet 
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Sci e tists are investigating the atmosphere. They 
маза to understand and predict: 

NA^eather (the air temperature, rain, snow, 
relative humidity, cloud conditions, and 
atmospheric pressure and the coming and 
going of storms); 

Climate (the average and extreme conditions 
of the atmosphere); and 

Atmospheric Composition (the trace gases 
and particles in the air). 


Fach. of these characteristics of the atmosphere 
affe c ts us and our environment. What we wear 
and what we can do outside today depend on 
weat her. Is it raining? Snowing? Sunny? Cold? 


How, we build our homes and schools, what crops 
we grow, what animals and plants naturally live 
ar» nd us all depend on climate. Does rain come 


mainly in winter or summer or every day? Do we 
get frost or snow? How long do dry spells last? 


The composition of the atmosphere affects how 
our air looks and feels and how far we can see. 
On days when clouds dont completely cover the 
sky, does the sky look blue or milky? Does it ever 
have a brown tint? Do sunsets have lots of red 
color? All these are dependent on the composition 
of our air. 


GLOBE scientists want several types of 
atmosphere data from schools to help in their 
investigations. As a GLOBE student, you can do 
research on the atmosphere, too. You can 
investigate your local weather, climate, and 
atmospheric composition and how these vary 
from place to place, season to season, and year 
to year. You will learn more about the air around 


you. 


Ф 
LOBE" 2003 


Introduction - 1 


Atmosphere 


E 


IWM 


5 
= 
[*] 
а. 
с 
2 
o 
5 


€1030310.ldH 


PNE Mg ES 


Why Investigate the 
Atmosphere? 


We humans may live on land, but we live and 
move and breathe in the atmosphere. The 
atmosphere gives us the oxygen we breathe and 
carries off the carbon dioxide we exhale. The 
atmosphere filters out most harmful forms of 
sunlight and traps outgoing heat from Earth's 
surface. The atmosphere transports energy from 
the equator to the poles making the whole planet 
more liveable and brings the moisture evaporated 
from lakes and oceans to the dry land so that we 
have water to drink and to sustain our agriculture. 
We are creatures of the atmosphere and depend 
on its temperature, structure, composition and 
the moisture it carries. 


Weather 


On a day-to-day basis, we want to know many 
things about the weather we will encounter today. 
For example, we might like to know what the air 
temperature will be and whether it will rain so 
we can decide what type of clothes to wear; 
whether we need to take an umbrella with us 
when we go outside; or if we need to wear a hat 
and sunscreen to protect us from the sun's 
ultraviolet rays. We want to be sure the air we 
breathe is good for us. We want warnings so that 
we may protect ourselves and our property from 
severe storms. 


Climate 


We also want information about the atmosphere 
on a longer term basis. Farmers need to know if 
their crops will get enough rain. Ski resorts need 
to know if enough snow will fall. Insurance 
underwriters for areas struck by hurricanes would 
like to know how many hurricanes to expect in a 
given year and how strong they will be when they 
make landfall. Nearly everyone would like to 
know what the weather is going to be not only 
tomorrow or the next day, but next week, and 
what the climate will be six months, a year, or 
even ten years from now! 


People have long said, “Everyone complains about 
the weather, but no one does anything about it.” 
Today, scientists are working hard to understand 


and predict the full range of atmospheric 
phenomena, from storms to ozone. Atmospheric 
scientists study not only what is going on with the 
atmosphere today, but why it was a certain way in 
the past and what it will be like in the future. While 
controlling the weather is generally beyond human 
ability, the collective effects of human activity 
influence weather, climate, and atmospheric 
composition. 


Scientific understanding of the atmosphere and the 
ability to forecast its future state grows through 
the application of fundamental laws and extensive 
observations. Since we care about the atmosphere 
on scales ranging from the individual farm to the 
entire globe and on timescales from a few minutes 
in severe storms to decades for the climate, vast 
quantities of data are needed. 


Scientists Need GLOBE Data 


People often think that scientists know what is 
happening in all parts of the world, but this is far 
from true. There are many regions where scientists 
have only the most general understanding of 
environmental factors such as air temperature and 
precipitation. Even in regions where there seems 
to be an abundance of data, scientists still do not 
know how much precipitation and temperature 
vary over relatively short distances. Official weather 
monitoring stations have contributed much data 
for a century or more in some locations while 
satellite technology has given us pictures of large 
areas every 30 minutes and global images at least 
twice daily for decades. Some areas have speci? 
monitors of atmospheric gases, and increasingly 
airports monitor winds, not only at the ground, 
but up to heights of several kilometers. Despite al 
these wonderful efforts, there are gaps in coverage 
The atmosphere varies significantly within these 
gaps, and GLOBE student measurements cá? 
improve the coverage for many types ° 
observations. 


Atmospheric conditions have an important impa“ 
on the types of plants and animals that live in? 
certain area, and even on the kind of soil that forms 
there. The measurements that students take for the 
GLOBE Atmosphere Investigation are important ? 
Scientists who study weather, climate, land coveh 
phenology, ecology, biology, hydrology, and soil 
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The Big Picture 
The Nature of the Atmosphere 


Earth's atmosphere is a thin layer of gases 
composed of about 78% nitrogen, 2196 oxygen, 
and 196 other gases (including argon, water vapor, 
carbon dioxide, and ozone). There are also solid 
and liquid particles called aerosols suspended in 
this layer. The atmosphere is held to the planet 
by gravity with the result that atmospheric 
pressure and density decrease with height above 
Earth’s surface. See Figure AT-I-1. 


Temperature also varies with height in the 
atmosphere (Figure AT-I-2), but in a more 
complex way than pressure and density. About 
half the sunlight shining on Earth passes all the 
way through the atmosphere and warms the 
surface. The warm ground then heats the air at 
the surface. Temperature generally decreases to 
heights of 8 to 15 km, depending on latitude. This 
defines the lower atmosphere or troposphere where 
most weather happens. 


Ultraviolet sunlight is absorbed by oxygen to form 
the ozone layer and is also absorbed by ozone 
itself. This absorption warms the middle 
atmosphere, causing the temperature to rise with 
height from the top of the lower atmosphere to 


Figure AT-I-1 


50 km (the stratosphere) and then to fall with 
height to roughly 80 km (the mesosphere). Above 
this height, in the thermosphere, the density of the 
air is so reduced that many different phenomena 
begin to be important. At these heights, absorption 
of x-rays and extreme ultraviolet light from the 
sun ionizes the gases of the atmosphere and heats 
the air. The ions are affected by Earth's magnetic 
field and also by the solar wind. At great distances 
from the planets surface, the atmosphere trails 
off into the interplanetary medium. The density of 
the atmosphere decreases until it is the same as 
that of interplanetary space. 


There are differences in the atmosphere at different 
latitudes as well as different heights. The intensity 
of sunlight at Earth’ surface varies with latitude. 
Sunlight is most intense in the tropics and least 
intense near the poles. The tropics are heated more 
than the poles, and the atmosphere along with 
the oceans transport heat from the equator toward 
the poles. The result is a large scale circulation of 
the atmosphere which is described in the Earth 
As A System chapter. 


Through the motion of the atmosphere, all the 
different places on Earth are connected together 
on timescales of hours to days to months. Changes 
in one part of the world result in changes in other 
areas. 

Figure AT-I-2 
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Weather and Climate, the Atmosphere 
Over Time 


Weather and climate are not the same. By weather 
we mean what is happening in the atmosphere 
today, tomorrow, or even next week. By climate 
we mean weather averages, variability, and 
extremes over time. For example, in a certain city 
the current temperature may be 25° C; this is 
weather. If instead we were to look at the weather 
records for the past 30 years, we might find that 
the average temperature in that city on that 
particular day is 18° C (this is climate). We also 
might find that over this 30-year period the 
temperature in this city has ranged from as high 
as 30°C to as low as 12°C on that particular day. 
Therefore, the present temperature of 25°C is not 
unusual. 


When we study the history of Earth’s climate, we 
notice that temperature and precipitation in any 
given region vary over time and that the 
composition of the atmosphere has changed. For 
example, images from certain satellites show that 
great rivers used to run through the Egyptian 
Desert. We also know that thousands of years ago, 
glaciers were present in places like New York City 
where today air conditioning is routinely used to 
cope with summer heat. If Earth was so different 
in the past, can we predict what might happen in 
the future? Predicting climate is a major goal of 
Earth Science today. 


GLOBE Measurements 
What Measurements Are Taken? 


Different GLOBE measurements are useful in 
investigating weather, climate, and atmospheric 
composition. 


Weather 

Cloud Cover and Type 

Contrail Cover and Type 

Barometric Pressure 

Relative Humidity 

Water Vapor 

Precipitation 

Maximum, Minimum, and Current 
Temperatures 

Surface Temperature 

Wind speed and direction (if you have 
automated equipment) 

Climate 

Cloud Cover and Type 

Contrail Cover and Type 

Aerosol Optical Thickness 

Relative Humidity 

Precipitation 

Water Vapor 

Maximum, Minimum, and Current 
Temperatures 

Surface Temperature 

Wind speed and direction (if you have 
automated equipment) 

Complemented by: 

Soil Temperature 

Soil Moisture 

Green-Up 

Green-Down 


Atmospheric Composition 
Aerosol Optical Thickness 
Water Vapor 
Relative Humidity 
Precipitation (pH) 
Surface Ozone 
Supported by measurements of: 
Clouds, Barometric Pressure, Wind 
Direction, and Current Temperature. 
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Individual Measurements 
Cloud Cover and Type 


Clouds play an important role in Earth's weather 
and climate. In the GLOBE cloud measurements 
students use their eyes to determine the 
percentage of the sky covered by clouds and the 
type of clouds in the sky. With the help of the 
GLOBE Cloud Chart, students categorize each 
cloud as one of ten types. The types of clouds in 
the sky often depend upon present or upcoming 
weather conditions; some clouds form only in fair 
weather, while others bring showers or 
thunderstorms. By paying attention to the clouds, 
students may soon be able to forecast the weather! 


Contrail Cover and Type 


When a jet aircraft passes through a portion of 
the atmosphere having just the right combination 
of moisture and temperature it will form a linear 
cloud. These are known as contrails, or 
condensation trails. In some areas, jet traffic is 
causing a noticeable increase in cloudiness, which 
may affect both weather and climate. As part of 
the GLOBE Cloud Protocols, students use their eyes 
to determine the percentage of the sky that 
contrail’s cover. They also count the contrails and 
categorize them into three types as given in the 
protocol. By quantifying the contrails present in the 
sky, students provide critical information needed to 
study how much of an affect these contrails are 
actually having on the weather that we experience. 


Aerosol Optical Thickness 


Small airborne liquid and solid particles, called 
aerosols, in the atmosphere affect whether the sky 
looks blue or milky, clear or hazy. They also 
influence the amount of sunlight that reaches 
Earths surface. Using a sun photometer and a 
voltmeter to measure the intensity of sunlight 
reaching the surface, GLOBE students and 
scientists can determine aerosol amounts (aerosol 
optical thickness). Satellites infer this property of 
the atmosphere using remote sensing, while 
ground-based observations provide direct 
measurements to determine aerosol concentration. 
These two types of data complement one another, 
and student measurements can add greatly to the 
few ground-based professional monitoring 
stations currently collecting aerosol data. 


Water Vapor 


Water vapor in the atmosphere varies considerably 
in time and from place to place. These variations 
are related to both weather and climate. Clouds 
are formed from water vapor. Water vapor is the 
primary greenhouse gas that helps control 
temperatures in the lower atmosphere and on 
Earths surface. Although the presence of water 
vapor near Earths surface is easily discernible in 
the form of clouds and relative humidity, there 
are still many questions about atmospheric water 
vapor. Using a handheld GLOBE/GIFTS water 
vapor instrument to measure the intensity of the 
sunlight reaching the surface in specific 
wavelengths, GLOBE students and scientists can 
determine the amount of atmospheric water vapor 
present. Despite its importance, the global 
distribution and temporal variability of water 
vapor is not well known. Therefore, student 
measurements will be useful to scientists as they work 
to learn more about atmospheric water vapor. 


Relative Humidity 

The amount of water vapor in the air compared 
to the maximum amount of water vapor air at the 
same temperature and pressure can hold is 
referred to as relative humidity and is expressed 
as a percentage. Satellites can sense the amount 
of water in the atmosphere, but generally these 
measurements are averages over large regions 
(210s of kilometers). Humidity may vary over 
much a smaller distances. Using either a sling 
psychrometer or a digital hygrometer to measure 
relative humidity, GLOBE students can expand 
the total set of humidity data and help scientists 
to gain a better understanding of its variations on 
small scales. 


Precipitation 

Rain and snow vary significantly over distances 
less than 10 km. In order to understand the local, 
regional, and global water cycles, we must know 
how much precipitation falls at many different 
locations around the world. Student observations 
using rain gauges and snow boards help provide 
improved sampling of rain and snow amounts and 
support improved understanding of weather and 
climate. 
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In addition to measuring the amount of 
precipitation, GLOBE students measure the pH 
of rain and melted snow. Knowing the pH of 
precipitation that falls in a particular area is often 
essential to understanding the pH of the soil and 
water bodies in that area. Student pH 
measurements establish a local basis for tracking 
changes in the input of acidity to the environment 
and can help scientists better map the fate of 
atmospheric chemicals. 


Temperature 


Air temperature varies throughout the day in 
response to direct solar heating and from day to 
day as weather systems move around the globe. 
Average air temperature also changes with the 
seasons. Scientists want to know both the 
extremes of temperature and the average 
temperature for time periods ranging from 24 
hours to a month, a year, or longer. GLOBE 
students measure maximum and minimum 
temperatures for a 24-hour period beginning and 
ending within one hour of local solar noon. 
Scientists studying the climate of our planet are 
interested in finding out if the temperature at 
different places is changing, and if so, what 
patterns can be seen in these changes. Local 
temperature measurements, such as those taken 
by GLOBE students, aid scientists in answering 
these and other important questions regarding 
Earth’ climate. Human settlement combined with 
variations in elevation and distance from water 
bodies produce local variations in temperature and 
GLOBE schools provide valuable detail for 
understanding changes even if there are official 
weather stations nearby. 


There are a variety of options for measuring air 
temperature. The preferred method is to use a 
digital multi-day max/min thermometer as 
described in the Digital Multi-Day Max/Min/ 
Current Air and Soil Temperatures Protocol. This 
thermometer logs six days of maximum and 
minimum temperature data and has a soil probe 
that allows you to also collect soil temperatures. 
A U-shaped liquid-filled or digital single-day max/ 
min thermometer can also be used as described 
in the Max/Min/Current Air Temperature Protocol, 
and must be read and reset everyday in order to 


obtain a continuous temperature record, 
Additionally, automated devises that log data may 
be utilized as described in the Automated Soil and 
Air Temperature Monitoring Protocol and Automated 
Weather Station Protocols that are available in the 
electronic version of the Teachers Guide. 


Surface Temperature 


Described scientifically, surface temperature is the 
radiating temperature of the ground surface. 
Knowledge of surface temperatures is key to 
studying the energy cycle — the transfer of heat in 
your surrounding environment. The transfer of 
heat between the different components of the 
environment occurs at their boundaries, and 
surface temperature measurements provide the 
temperatures at these boundaries. Therefore, 
measurements of surface temperature help to 
relate air, soil, and water temperatures and 
contribute critically to the study of the energy 
cycle. Students can take surface temperature 
readings using a hand-held Infrared Thermometer 
(IRT). Measurements of surface temperatures are 
essential for climate studies, comparison with 
satellite data and to improve the understanding 
of the global energy balance. 


Surface Ozone 


Ozone (O)) is a highly reactive gas present in the 
air around us. Knowing the amount of ozone in 
the air is important for understanding the 
chemistry of the atmosphere and its effect on the 
health of plants and animals, including us. Ozone 
concentrations are measured in units of parts per 
billion (ppb) and can vary over small spatial scales. 
Local measurements are required for scientists (0 
track these local variations in ozone 
concentrations in the atmosphere. GLOBE 
scientists have developed a straightforward 
technique for students to measure ozone at their 
schools by exposing chemically treated strips (0 
the air and measure their change in color with à 
hand-held reader. These student observations 
complement and extend the limited number 0 
ozone monitoring stations currently in existence 


Where are measurements taken? 


Atmosphere measurements are taken at E 
Atmosphere Study Site. This site is usually locate 
on school grounds and should be within easy 
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walking distance of your classroom so that 
students can take data daily in a minimum of time. 
Generally, the more open the site the better. 
Significant obstructions should be avoided, 
including trees and buildings near the 
instruments. 


1f your school does not have a suitable ground 
level location for safe, permanent installation of 
atmosphere instruments, use of roof sites and 
automated equipment can be considered. Consult 
the Optional Protocols in this chapter for more 
guidance. 


When are measurements taken? 


The GLOBE atmosphere measurements should be 
taken on a daily basis, at specific times of day. See 
Figure AT-I-3. Taking daily measurements at the 
same time of day, allows easier comparison of 
measurements over the year and around the 
world. For GLOBE, many atmospheric 
observations should be made within one hour of 
local solar noon, and readings of daily total 
precipitation and maximum and minimum 
temperature are only acceptable if they are made 
within this 2-hour time period. Each of these 
measurements covers a roughly 24-hour period 


beginning within one hour of local solar noon on 
one day and continuing to within one hour of 
local solar noon on the next day. See Table AT-I-1. 


Cloud and contrail observations, relative humidity 
readings, surface temperature, and current 
temperature measurements are also taken within 
one hour of local solar noon, but these 
observations can be reported for other times of 
day as well. 


The digital multi-day max/min thermometer may 
be read at any time provided that it was reset 
within one hour of local solar noon. 


Automated measurements are collected 
continuously at 15-minute intervals. This enables 
useful measurement of wind speed. 


Local solar noon is the key time for taking GLOBE 
atmosphere measurements. See the section on 
how to calculate solar noon. Does this mean that 
only classes that meet at that time can participate? 
No! Because these measurements do not require 
much time to take, students from classes that meet 
earlier or later in the day can be assigned to take 
measurements during their lunch break or during 
a mid-day recess. 


Figure AT-I-3 
The Range of Times of Day for Taking a Complete Set 
of Daily Atmosphere Observations 
Mid- Solar Mid- 
morning Noon afternoon 


Aerosol 

Water Vapor 
Pressure 

Current Temp. 
Clouds and Contrails 
Relative Humidity 
Surface Temperature 


Max/Min/Current Temperature 
Precipitation 

Clouds and Contrails 

Expose Ozone Strip 


Wind Direction 
Relative Humidity 


—— а 


Ozone Reading 
Wind Direction 
Clouds and Contrails 
Current Temperature 
Relative Humidity 


GLOBE* 2003 


Introduction - 7 


Atmosphere 


/ 


әшоэјәлл 


f 


\ SSHIAIDY Зшшеәту 


/ 


S 


xipueddy 


Table AT-I-1 


Taken within one hour 
of local solar noon 


Measurement 


Other times measurements 
may be taken 


Cloud Cover and Type | Yes 
Contrail Cover and 


Required in support of aerosols, water vapor, 
ozone, and water transparency measurements; 
additional times are acceptable 


reading may be 
reported up to one 
hour later at the same 
time as the ozone 
measurement 


Precipitation 


Type 
Aerosols Variable. Ideal time When the sun is at least 30° above the horizon 
Water Vapor varies with location or at local solar noon when the sun doesnt 
and season reach 30° above the horizon; additional times 
are acceptable 
й 
Relative Humidity Yes for the Additional times are acceptable. Required in 
psychrometer; the support of aerosols, water vapor, and ozone. 
digital hygrometer 


Current Temperature 


Required for comparison with soil 
temperature measurements and in support of 
aerosols, water vapor, ozone, and relative 
humidity measurements; additional times are 
acceptable 


Yes 


Surface Temperature 


Important for comparisons with soil and 
current temperature measurements 


Maximum and Yes 


Minimum Temperature 


Barometric Pressure Not required 


Within one hour of aerosols and water vapor 
measurements if they are taken; 
otherwise as convenient 


Other one-hour periods are acceptable 
in addition to the near-noon measurement 


Ozone The observation is 
started at this time 
and completed one 
hour later 

Solar Noon 


Solar noon is the term used by GLOBE for the time 
when the sun appears to have reached its highest 
point in the sky during the day. An astronomer, 
for example, would refer to the same time as local 
apparent noon. Solar noon generally is not the same 
as noon on your clock. The time of local solar 
noon depends on your location within your time 


zone, the time of year, and whether or not daylight 
savings time is in effect. Solar noon does OCCU 
however, half-way between sunrise and sunsel 
when the sun crosses the horizon. It is the point 
during the day when shadows are the shortest: 


: 1510 
Ап easy way to determine local solar noon 
find a newspaper from your town or one n 
that gives times of sunrise and sunset and 
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Table AT-I-2 


Example: 1 


2 3 3 


Sunrise (am or 24-hour n 
clock are the same) 7:02 a.m. 


6:58 a.m. 7:03 a.m. 6:32 a.m. 


ыр! 
5:46pm. | 8:09pm. | 5:08pm. 


ZI 


Sunset sell 5:43 p.m. 

Sunset Q4-hour clock) 17:43 1746 | 2009 17:03 

Sunrise + Sunset | 24 hr 45 min | 23 hr 104 min| 27 hr 12 min | 23 hr 35 min 
ivalent (so that th 

Equivalent (şo E шайнап) | b4 hr 44 min [2s hr 72 ШЕ 22 hr 95 min 

number of hours is even) +| 

Divide by 2 12 hr 22.5 min | 12 hr 22 min | 13 hr 36 min |11 hr 47.5 min 

Local Solar Noon (rounded 1:36 p.m. 

to the nearest minute 12:23 p.m. 12:22 p.m. or 13:36 11:48 a.m. 


Note that this is an example of doing arithmetic in base 60. 


calculate the average of these times. First, convert 
both times to 24-hour clock times by adding 12 
to any p.m. times, then add the two times and 
divide by two. This is the time of solar noon. See 
Table AT-I-2. 


How many students should be involved? 


A single student can take any of the atmosphere 
measurements. However, it is a good idea to have 
a small group of students take readings so they 
can check each other. It also helps to have a 
partner to write down readings as they are made. 
Aerosols and water vapor measurements are 
difficult for one person to take alone. GLOBE 
recommends teams of 3 students as ideal for 
taking most measurements. 


Many observations can either be taken by the 
group as a whole, or can be taken individually 
and then compared. If the readings are taken 
individually, the group must remember to empty 
the rain gauge and reset the thermometer only 
when all students are finished. 


Ideally, pH measurements are taken by three 
different groups of students using three different 
samples of rain or melted snow. In all cases, taking 
three measurements is expected. These three 
results are averaged and compared as part of data 
quality control. 


Rotating groups through the class (or classes) on 
a periodic basis will give all students an 
opportunity to participate. Having multiple 


groups take precipitation or maximum and 
minimum temperature measurements at different 
times on the same day is discouraged because it 
opens the door to confusion in emptying the rain 
gauge, resetting the 1-day maximum/minimum 
thermometer, and reporting the data. 


The estimates of cloud type, cloud cover, contrail 
type, and contrail cover are subjective 
measurements, so the more students involved in 
this task, the better. Each student should take his 
or her own readings; then, students should come 
to an agreement as a group. Do not be surprised 
if your students initially have difficulty with these 
estimates. Even seasoned weather observers 
debate which type of cloud they are seeing, or 
exactly how much of the sky is covered by clouds. 
As your students get used to these observations, 
they will begin to recognize the more subtle 
distinctions in cloud types. 


How long does it take to do the 
measurements? 

The amount of time required to take the 
atmosphere measurements will vary depending on 
the location of your Atmosphere Study Site(s), 
how many students are on the team taking the 
data, student age and familiarity with the 
measurements, and the actual conditions 
encountered on a given day. See Table AT-1-3. 


GLOBE” 2003 Introduction - 9 Atmosphere 


әшоәм 


иорэпродуиј 


J 


Si020104d 


лу Sume] X 


EM 


= 


xipueddy 


~ 


- 
© 


' 


Vv 


Table AT-I-3 


Measurement Approximate 
Time required 

(ta (in minutes) 

Cloud and contrail cover 

and type 10 

Aerosols including 15-30 | 

supporting measurements 

Water Vapor including 15-30 

supporting measurements 

Aerosols and water vapor 20 - 40 


combined including 
supporting measurements 


Relative Humidity 


Precipitation 


Precipitation pH using 
meter including calibration 


Handling of snow samples 
in the classroom 5 
for snow or snow pack 
water equivalent 
Snow water equivalent 5 


once the snow has melted 


1-day maximum, minimum, 5 
and current temperature 


Multi-day max/min/current 
air and soil temperature 


Surface temperature including 
supporting measurements 


Ozone deploying the strip 
and taking supporting 
measurements 


Ozone reading the strip 
and taking supporting 
measurements 


10-15 


Entire set of local solar 
noon measurements: 
clouds and contrails, 
relative humidity, 
precipitation amount and 
pH, max/min/current 
temperature, surface 
temperature, and 
deploying the ozone strip* 


15-25 


*Taking aerosols or water vapor with this set 
should only add 5-10 minutes each. 


Getting Started 


You and your students can investigate the 
atmosphere at your own study site and cooperate 
with scientists and other students to monitor the 
global environment. The atmosphere is one critical 
component of the global environment, and you 
can help compile a global database of atmospheric 
measurements that will aid in the long-term 
understanding of how the atmosphere is changing, 


Keep a permanent record of your GLOBE data at 
your school. The atmospheric data that students 
gather should not only be submitted to the GLOBE 
data server, but should also be recorded 
permanently in the GLOBE Data Log for the 
school. A notebook of the Data Sheets filled in by 
the students can serve this purpose. See the 
Implementation Guide chapter for a description of 
the Data Log and its importance. Students should 
take pride in the fact that they are contributingto 
a long-term atmospheric data set at their school. 


As your local data set grows, you should engag 
students in looking at their data. Each protocol 
of this chapter includes a Loohing At the Dat 
section, which outlines how to judge whether the 
data are reasonable and describes what scientists 
look for in data of this type. Most of them also 
contain a sample student investigation using data 
from the protocol. Review these sections for ideas 
on how to use GLOBE data for student learning 
about weather. 


You and your students can approach the study d 
the atmosphere in many different ways, but three 
major themes that can be studied using the 
measurements you take in GLOBE are: weather, 
climate, and atmospheric composition. The 
sections below describe how the GLOBE 
Atmosphere Protocols contribute to 8? 
understanding of each of these areas that may be 
part of your curriculum. 


Weather 


Perhaps your students study weather. If so, their 
GLOBE work can become an integral part of this 
learning. By "weather" we mean the curren! 
condition and short-term changes in the 
atmosphere. Students may be familiar Wi! 
weather reports and forecasts, and you cou 


GLOBE* 2003 


Introduction - 10 


‘Atmosphere 


introduce the GLOBE protocols by asking them 
to explain what they think “weather” means. They 
will probably mention things like the temperature, 
whether it’s raining or snowing, whether it's 
cloudy, whether its windy and the direction of 
the wind. Some students may also mention 
barometric pressure, cloud types, and humidity. 
All of these are aspects of what meteorologists 
mean by “weather,” and all can be measured in 
GLOBE. Thus, by doing GLOBE measurements, 
your students can begin to measure, monitor, 
study, track and forecast the weather. 


Here is a suggested sequence for introducing 
GLOBE measurements through the study of 
weather. 


1. Cloud and contrail measurements are the 
easiest place to start. They require only a 
cloud chart and the human eye. Two 
learning activities are good to do before 
beginning the actual cloud cover and 
cloud type protocols: 

* Observing, Describing, and Identifying 
Clouds 
* Estimating Cloud Cover: A Simulation 

2. In order to submit your cloud cover and 
cloud type observations, you need to 
define an Atmosphere Study Site and 
submit site definition data to GLOBE. You 
may want do this before you set up the 
instrument shelter, so that if you 
experience delays in getting your shelter 
set up, you can still define your site and 
submit your cloud data. 

3. You also can begin taking aerosols, water 
vapor, relative humidity, surface 
temperature, and barometric pressure 
readings without having the instrument 
shelter. 

4. Current temperature measurements can 
also be taken without the instrument 
shelter. When you are able to install the 
instrument shelter you will be able to take 
and submit daily maximum and minimum 
air temperature measurements. 

5. Taking and submitting liquid precipitation 
measurements requires the installation of a 
rain gauge on a post, but you can measure 
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snow depth, liquid equivalent, and pH 
without the installation of the rain gauge. 

6. If you use certain automated weather 
stations, you can add wind speed and 
direction to your set of GLOBE data 
following optional protocols. 

7. You must check the calibrations of your 
instruments (thermometers, barometer or 
altimeter, sling psychrometer) before you 
begin. 


Try your hand at forecasting. One interesting way 
for students to use the data they collect is to try 
to make weather forecasts using their own data 
and to compare their forecasts to those of 
professional meteorologists. Who is more 
accurate? What data are most helpful in making a 
prediction? What additional data do the professionals 
use that are not available to students? There are 
many interesting questions that can be pursued. 


Climate 


Climate is another major topic that your students 
may study and that can be explored using GLOBE 
measurements and data. "Climate" is the long- 
term trend of the atmosphere and other variable 
aspects of the environment. There is an old saying, 
*Climate is what you expect. Weather is what you 
get." Climate refers to averages and extremes of 
temperature, clouds, precipitation, relative 
humidity and their annual patterns. 


Through looking at GLOBE data from their own 
school and from other sites around the world, 
students can begin to gain an appreciation for 
climate patterns and what causes them. They can 
notice seasonal trends, variations based on 
latitude, and variations based on proximity to large 
bodies of water. By using the GLOBE student data 
archive, students can compare the climate of their 
school, nearby schools, and schools in widely 
varying spots around the globe. 


Students can take it as a challenge to build a long- 
term database that describes the climate of their 
locality. Most newspapers publish monthly 
summaries of the weather and compare them to 
climatic expectations. If not, then consult the 
meteorologist at your local airport or radio/TV 
station. These climatologies can provide the basis 
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for interesting discussions of what is “normal” for 
your locale. Has it been a wetter than normal 
month? Hotter? Cooler? Cloudier? Using their 
GLOBE data and local climatic information, 
students can begin to answer these questions and 
think about how their climate may be changing. 


To study climate your students will use the same 
atmosphere protocols as for weather, except they 
need not measure or look up barometric pressure. 
Routine measurements of daily amounts of 
precipitation and maximum and minimum air 
temperatures are critical for climate study. 
Measurements of soil temperature and moisture 
and of phenology are also important in studying 
climate. The temperature of water bodies and 
when they are dry or frozen are also useful. 
Students can think about and debate which of 
the GLOBE measurements are most important for 
describing the climate. 


In order to study climate using GLOBE 
measurements, you will want your students to 
access data from other schools using the GLOBE 
Web site. GLOBE provides graphing tools online 
and the ability to download a school’s data as a 
table that can be imported into other data analysis 
programs such as a spreadsheet. 


Atmospheric Composition 


Perhaps your students study the composition of 
the atmosphere. They can use three of the GLOBE 
Atmosphere Protocols — Aerosols, Water Vapor and 
Surface Ozone — to enhance their study. These can 
also be considered aspects of the weather and 
climate. Aerosols and water vapor affect visibility 
and the passage of sunlight and heat through the 
atmosphere while ozone levels have short and long 
term effects on plant and animal life and long term 
effects on all materials exposed to the atmosphere. 


These protocols can be carried out without the 
installation of any permanent equipment, so even 
if you cannot install an instrument shelter and a 
rain gauge, you can still do these three 
measurements. However, for the Surface Ozone 
Protocol you will need to measure cloud and 
contrail cover and type, wind direction, and 


current temperature (using the alternatiye 
protocol that does not require the instrument 
shelter). For the Aerosols and Water Vapor Protocols 
you will need to record cloud and contrail cover 
and type, relative humidity, and current 
temperature, and may measure barometric pressure 
or obtain values from other sources or from 
GLOBE. 


Getting Ready 

To prepare yourself to lead students through an 
atmosphere investigation using GLOBE, read the 
introductory sections of the Atmosphere chapter 
of the GLOBE Teachers Guide. Familiarize yourself 
with the scientific background information 
provided. Then take a look at the sections What 
Measurements are Taken. Decide which theme ot 
set of questions your students should pursue and 
which measurements are appropriate for their 
study. Think about how to introduce GLOBE to 
your students as an opportunity for them to 
participate with scientists and other students in 
monitoring the global environment, and think 
about what projects and analyses your students 
can accomplish as they approach the atmosphere 
through the lens of weather, climate, or 
atmospheric composition. 


If age appropriate, copy and distribute to students 
the section of the chapter entitled Why І nvestigate 
the Atmosphere in order to give them an 
understanding of why each measurement Б 
scientifically important. Discuss the importance 
of both a global and a detailed local database t0 
understand the environment and how they cat 
contribute to this by submitting consistent 
accurate data to GLOBE. Engage the students П 
asking questions they can answer through taking 
and looking at data. 


Review the specific protocols and plan which 
measurements your students will take. Feel free 
to start with an easily sustained level of effort that 
supports your educational objectives and then 
expand. 


Obtain the instruments you will need and 
calibrate them if necessary. Set up you 
instrument shelter and rain gauge if you will 
measuring maximum and minimum temperatu 
and liquid precipitation. 
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Make photocopies of all the Data Sheets and field 
guides that students will need. 


Prepare a notebook to serve as your school's Data 
Book. 


Then, begin doing the GLOBE Atmosphere 
Investigation! 


Educational Objectives 


Students participating in the activities presented 
in this chapter should gain scientific inquiry 
abilities and understanding of a number of 
scientific concepts. These abilities include the use 
ofa variety of specific instruments and techniques 
to take measurements and analyze the resulting 
data along with general approaches to inquiry. The 
Scientific Inquiry Abilities listed in the grey box 
are based on the assumption that the teacher has 
completed the protocol including the Looking At 
the Data section. If this section is not used, not all 
of the Inquiry Abilities will be covered. The 
Science Concepts included are outlined in the 
United States National Science Education 
Standards as recommended by the US National 
Research Council and include those for Earth and 
Space Science and Physical Science. The 
Geography Concepts are taken from the National 
Geography Standards prepared by the National 
Education Standards Project. Additional 
Enrichment Concepts specific to the atmosphere 
measurements have been included as well. The 
gray box at the beginning of each protocol or 
learning activity gives the key scientific concepts 
and scientific inquiry abilities covered. The 
following tables provide a summary indicating 
which concepts and abilities are covered in which 
protocols or learning activities. 
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| Basic Protocols Adv. Protocol 
| Clouds (Humidity | Precip. | Temp. c: 
National Science Education Standards 
Earth and Space Science Concepts 
| Wear ТҮРТ = | и ШТ 
Weather can be described by quantitative measurements 
Weather can be described by qualitative observations Е 
Weather changes from day to day and season to season a = [] 
Weather varies on local, regional, and global spatial scales a Г 
Clouds form by condensation of water vapor in the atmosphere 
Clouds affect weather and climate 
Precipitation forms by condensation of water vapor in the atmosphere a 
The atmosphere has different properties at different altitudes 


Water vapor is added to the atmosphere through evaporation and 
transpiration from plants 

The atmosphere is composed of different gases and aerosols 

The sun is a major source of energy for changes in the atmosphere 
The diurnal and seasonal motion of the sun across the sky can be 
observed and described 

The water vapor content of the atmosphere is limited by pressure 
and temperature 

Condensation and evaporation affect the heat balance of the atmosphere 
Materials from human societies affect the chemical cycles of Earth 
Dynamic processes such as Earth's rotation influence energy transfer 
from the sun to Earth 


The atmosphere has changed its composition over time 


Water circulates through the crust, oceans, and atmosphere 
Global patterns of atmospheric circulation influence local weather 


Oceans have a major affect on global climate 


Solar insolation drives atmospheric and ocean circulation 


The sun is the major source of energy for Earth surface processes 


The sun is the major source of energy at Earths surface 


Solar isolation drives atmospheric and ocean circulation 


Physical Science Concepts 


Materials exist in different states — solid, liquid and gas 


7 
А 


Heat transfer occurs by radiation, conduction, and convection 


Substances expand and contract as they are heated and cooled 


Light radiation interacts with matter 


| The sun is a major source of energy on the Earth’ surface 


Energy is transferred in many ways 


Heat moves from warmer to cooler objects 


Light radiation interacts with matter 


The sun is a major source of energy for changes on the Earth’ surface 


Energy is conserved 


Life Science Concepts 


Sunlight is the major source of energy for ecosystems 


Energy for life drives mainly from the sun 


General Science Concepts 


Scale models help us to understand concepts 


Visual models help us to analyze and interpret data 


* See the electronic version of the complete Teachers Guide on CD-ROM or GLOBE Web site. 
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Basic Protocols Adv. Protocok 


Temp. Aerosols [m 
National Science Education Standards 


Geography Concepts 


The temperature variability of a location affects the characteristics of 
Earths physical geographic system 
| The nature and extent of cloud cover affects the characteristics of Earths 
physical geographic system. 
The nature and extent of precipitation affects the characteristics of 
Earths physical geographic system 
Human activities can modify the physical environment 

Water vapor in the atmosphere alfects the characteristics of Earths 
physical geographic system. 
Measurements of atmospheric variables help to describe the physical 
Characteristics of an environment 
The physical characteristics of a location depend on its latitude and 
relation to incident solar radiation 
Geographic visualizations help to organize information about places, 
environments, and people 
The concentration of water vapor varies significantly from place to place, 
and depends on altitude, latitude, and climate 


* See the electronic version of the complete Teachers Guide on CD-ROM or GLOBE Web site. 
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National Science Inquiry Standards 


Basic Protocols 


General Scientific Inquiry Abilities 


Use appropriate tools and techniques 


Construct a scientific instrument or model 


Identify answerable questions 


Design and conduct scientific investigations 


Use appropriate mathematics to analyze data 


Develop descriptions and explanations using evidence 


Recognize and analyze alternative explanations 


Communicate procedures and explanations 


Specific Scientific Inquiry Abilities 


Use a thermometer to measure temperature 


Use a cloud chart to identify cloud type 


Use a rain gauge to measure 
rainfall and rain equivalent of snow 


Adv. Protocols 


Aerosols 


Ozone | Water 
Vapor 


Use pH paper, pens, or meters to measure pH 


Use meter sticks to measure snow depth 


a 
Estimate cloud cover m 


Use a sun photometer and voltmeter to measure the 
amount of direct sunlight 


Use ozone strips and a strip reader to measure in situ 


ozone concentrations 
Use a weather vane to identify wind direction 


ODE EE 5 a | | | 
а 
2 Jp 


Use a barometer or altimeter to measure barometric pressure 


Use a hygrometer or sling psychrometer to measure 
relative humidity 


= 


Use instrument to measure atmosphere water vapor content 


Use an infrared thermometer 


GLOBE* 2003 Introduction - 18 


‘Atmosphe 


Learning Activities 
Estimate | Cloud | Observe | Study | Builda | Draw Use | Contour] Makea | Hazy Air Model 
Cloud Watch Clouds |Instrument| Thermo-| Visuals*| Visuals* Map* Sundial Skies Mass ppv* 
Cover Shelter*| тегег* x] 
Г = E T + 
—t I— + 3! 
п ^i a a " a п 
q [e || 
a a 
IE at “| ЕР! Шш 
| lg 
a a a a a Li a a a a 
| =e L — zal - |? | | =h 
a п LI a 
ЕЕЕ а q l5 - Ы! I 
a a a a a a 
—_|—_ 21 Xl i 
п a = п п a a п a a 
| - اا‎ ale I — 
a 
"| P | 
= 
a a m a " a a a a a п a 
alt - = | li ЦЕ zi 
mx KA + 4 eli -j E 
|а اب‎ + dr ы! 21 — 
a 
| i ee ИЧЕМ Bere 
— zie — =I = 
a | 8 EE 
كد اا ا ااال‎ 
ES з E a 
= d] iD zi VE des 
A | H | | m 
ix аро Е. 1—- | 
m in RN 
T zs E air iim 
1 ile Seo 1 1 
GLOBE* 2003 Introduction - 19 Atmosphere 


GLOBE* 2003 Introduction - 20 ‘Atmosphere 


Instrument Construction, Site Selection, and Set-Up 
Selecting a convenient site is critical for daily data collection. 


Cloud Protocols 

Students estimate the amount of cloud and contrail cover, observe 
which types of clouds are visible, and count the number of each type of 
contrail. 


Aerosols Protocol 
Students use a red/green sun photometer to measure the amount of 
sunlight reaching the ground when clouds do not cover the sun. 


Water Vapor Protocol 

Students use a near-infrared sun photometer to measure the amount of 
sunlight reaching the ground at wavelengths that are correlated to 
water vapor. 


Relative Humidity Protocol 
Students measure the relative humidity using either a digital 
hygrometer or a sling psychrometer. 


Precipitation Protocols 

Students measure daily rainfall using a rain gauge, daily snowfall using 
a snow board, total snow accumulation on the ground, the equivalent 
depth of rain for both new snow and snow pack, and use techniques 
from the Hydrology Investigation to measure pH of rain and melted snow. 
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Digital Multi-Day Max/Min/Current Air and Soil Temperature 


Students use a digital multi-day maximum/minimum thermometer 
mounted in their instrument shelter to measure the maximum and 
minimum air and soil temperatures for up to six previous 24-hour 
periods. 


Maximum, Minimum, and Current Temperature Protocol 

Students use a maximum/minimum thermometer mounted in their 
instrument shelter to measure current temperature and the maximum 
and minimum temperatures for the previous 24 hours. Students also may 
collect current temperature only. 

Surface Temperature Protocol 

Students use an infrared thermometer (IRT) to measure the temperature 
of Earth's surface. 

Ozone Protocol 

Students expose a chemically sensitive strip to the air for an hour and 
determine the amount of ozone present using an ozone strip reader. 
Optional Automated Weather Station Protocols* 

Students use an automated weather station to measure barometric 
pressure, relative humidity, rain rate and amount, air temperature, and 
wind speed and direction every 15 minutes, 

Optional Barometric Pressure Protocol* 

Students use an aneroid barometer to measure barometric pressure in 
support of the Aerosols and Water Vapor Protocols. 

Optional Automated Soil and Air Temperature Monitoring Protocol * 


Students use a data logger and temperature sensors to measure air 
temperature and soil temperature at 5, 10, and 50 centimeter depths 
every 15 minutes for extended time periods. 


Optional AWS Weather Net Protocol* 


Students define their School's AWS Weather Net Station as a GLOBE 
Atmosphere Study Site and arrange for GLOBE to retrieve a copy of the 
data from their station to include in the GLOBE data archive. 


* See the full e-guide version of the Teacher's Guide available on the GLOBE Web site and CD-ROM. 
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Instructions for Building an Instrument Shelter 


The GLOBE Instrument Shelter should be 
constructed of approximately 2 cm thick White 
Pine or similar wood and painted white, inside 
and out. A lock should be installed to prevent 
tampering with the instruments. Mounting blocks 
should be installed on the interior to insure that 
the max/min thermometer does not touch the back 
wall. The parts should be screwed together or 
glued and nailed. The plans are specified in metric 
units. Therefore, you may need to make minor 
adjustments to dimensions depending on the local 
standard dimensions of wood in your region. 


Figure AT-IC-1: Instrument Shelter 


О 
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It is easier to purchase prefabricated louvered 
panels, and they are usually available for purchase. 
The primary criteria for, constructing louvres is 
that they provide for ventilation of the instrument 
shelter while preventing sunlight and rain from 
entering directly. To prevent sunlight from entering 
the shelter we suggest that each louvre slat overlap 
slightly with adjacent slats. See Figure AT-IC-1. 
There should also be a gap between slats of 
approximately 1 cm, and the slat angle should be 
roughly 50-60 degrees from horizontal. For shelter 
mounting instructions, see Figure AT-IC-8. 


E 
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Figure AT-IC-2: Instrument Shelter Dimensions 


39.0 cm 


| 


Front Door Side View 
Note: Louvres are 0.64 cm Thick and 4.5 cm Wide 
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1.6 cm Holes Typical 16.0 cm 
24.5 cm 
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28.0 cm 
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Roof Bottom 
Outer Dimension Inclusive of Louvre Panels 
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) Figure AT-IC-3 


0.7 cm Holes 


Side Panel 


Mounting Block 


Minimum/Maximum 
Thermometer 


Mounting Block 


Outside 


о 
س‎ 
56.0 cm 
a Y 
i 28.0 cm 
>| 


Hook 


Calibration Thermometer 
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Instructions for Constructing a Snowboard 


A snowboard is a thin, flat surface that rests on 
top of earlier layers of snow. New snow falls on 
top of it and can be measured with a meter stick. 
The board should be made of plywood about 1 
cm thick. It must be light enough so that the 
existing snow will support its weight. It should 
be at least 40 cm by 40 cm in area so that more 


Figure AT-IC-4: Snowboard Dimensions 


than one snow depth measurement can be made 
and so that samples may be collected for both snoy 
water equivalent and snow pH. The snowboard 
must be painted white. A flag will be needed (o 
mark the location of the snowboard so that it сап 
be found following a fresh snowfall. 


40 cm 


= tom 
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Constructing the Ozone Measurement Station 


Materials 

The materials needed to construct the Ozone 
Measurement Station can be purchased at a local 
hardware store. 


1 Plastic Disk for a roof guard — 30 cm 
diameter (e.g., frisbee, plastic bucket lid) 
Corner Bracket — 20 cm (8") 

Eye Bolt - 1 cm x 5 cm (3/8" x 2”) 
Rubber Washers — 1 cm (3/8") 

4 Links of 1 cm (3/8”) stainless steel chain 
Binder Clip — 3 cm (1 1/4”) 

Can light colored rust-protective enamel 
paint 

2 m (68^) sturdy pole or treated wooden 
post 


mennem 


Figure AT-IC-5 
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1.4m 


1.3m 


about 
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If mobile pole, bury 


Directions for Construction 


1. Spray-paint all metal pieces with light- 

colored, rust-resistant paint. 

Place one washer on the eye bolt. 

Place the 30-cm plastic disk on top of the 

eye bolt with the convex side facing up (so 

rain water will run off). 

. Place the eye bolt through the drilled hole 
of the bracket. Put on the second washer 
and secure it with a nut. 

‚ Attach the other side of the bracket to a 2 
meter post or pole and place 60 cm 
securely into the ground or attach it to a 
mobile pole that fits into a 60 cm-long 
section of PVC or other pipe buried in the 
ground. See Figure AT-IC-5. 


Making the Chain Clip 


1. Use needle nose pliers to open one link on 
the end of the chain to slide over the eye 
bolt and use the pliers to close the open 
link. 

. Open the link on the opposite end of the 

chain and attach it to one handle of the 

3 cm (1 1/4”) binder clip. Close the link 

securely. 

When you are ready to expose the ozone 

strip, place it in the binder clip. 


2: 
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The ozone measurement station is designed to 
provide some protection from rain and snow for 
the ozone test strip. The chain with the chemical 
strip should be long enough that the ozone test 
strip hangs in the open air below the plastic disk 
and short enough that the wind cannot make the 
strip swing out from under the plastic disk which 
is serving as a roof. 
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60cm | ! 60cm PVC or other 
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d n when testing. 
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Constructing a Wind Direction Instrument 
Directions for Construction 


Materials 

1 Scrap piece of pine — approximately 

5 cm x 15 cm x 60 cm for base 

1 Dowel 

3 O-rings – to fit snugly on dowel 

2 Wide flat washers — with the inner 
diameter of the dowel 
15 cm piece of plastic pipe 
Package of letters and numbers or paint 
Compass 
Scrap piece of very light weight material 
(nylon, plastic, etc.) to cut right triangle 
wind sail (roughly 15 cm x 25 cm) 
Pieces of waxed dental floss or nylon 
thread to tie sail 
Drill with spade bit — for drilling hole for 
dowel 
15 cm piece of self-adhesive velcro 
Container of wood glue 


[e کے‎ 


= N 


= 


1 


Figure AT-IC-6 
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Draw lines through the center of the wood ( 


going end to end and one going from sidet 
side) and place letters on the grid N, S, Ean 


. Drill hole the same diameter as your dowel, a 


all the way through the center of block ofw 


. Cut dowel to 60 cm in length and lightly sa 


both ends. 

Glue one end of the dowel in the hole, 
Roll one O-ring down approximately 25 cm 
the top of the dowel. 

Place steel flat washer on top of the O-ring, 
Place 15 cm long piece of plastic pipe onto 
the flat washer. 

Place a second O-ring 0.5 cm above the pipe 


. Place a washer on top of the O-ring and the 


O-ring on top of the washer. 
Cut out right angle sail and attach it to the] 
with nylon thread or waxed dental floss. 


. Attach Velcro to wood and back of compass 


line N on the compass up with N on the lin 
the wooden block. (N on the wood should b 
true North and not magnetic North, so be sut 
adjust for your magnetic declination.) If youa 
familiar with the difference between Northa 
magnetic north, see the GPS Investigation for he 


Figure AT-IC-7 
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Frequently Asked Questions 

1. Does our instrument shelter have to have 
slats? 

It is important that air be able to pass freely into 
and out of the instrument shelter so that the 
thermometer measures the ambient air 
temperature. The slats on the instrument shelter 
allow air to move through the shelter, but also 
help to keep out rain, snow, and blowing debris. 
Just putting holes in the walls of the shelter will 
let in more rain or snow than the slats will. So 
yes, itis very important for the instrument shelter 
to have slats. For more insight to the 
characteristics of the instrument shelter, see the 
Learning Activity on Studying the Instrument 
Shelter. 


2. Why does the instrument shelter have to 
be white? 

The role of the instrument shelter is to protect 
the thermometers from direct sunlight, as well as 
from precipitation and flying debris. However, we 
want to make sure that the instrument shelter itself 
doesn't affect the air temperature being measured. 
That is, we want the air temperature inside the 
shelter to be the same as the air temperature in 
the shade outside the shelter. This means that we 
want a shelter that won't absorb a lot of sunlight 
and heat up more than its surroundings. By 
making the shelter white, most of the sunlight 
that hits the shelter is reflected away. For more 
insight to the characteristics of the instrument 
shelter, see the Learning Activity on Studying the 
Instrument Shelter. 


3. Must our snowboard be made of 

plywood? 

Plywood is best, but other light woods may be 
used. Metal is not appropriate as it can warm up 
too much in sunlight and melt the initial snow of 
a day time snowfall. The key is that the snowboard 
is light enough to be placed on the surface of the 
snow and not sink into the snowpack. 
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Choosing the location for your Atmospheric 
Study Site and correctly setting up your rain 
gauge, instrument shelter, and ozone 
measurement station are critical to your 
successful implementation of this investigation. 
Atmosphere measurements are taken frequently, 
so students need to be able to get to the site and 
return in a short amount of time. 


The ideal site for taking atmospheric 
measurements is open, away from trees, buildings 
and other structures. The open area helps because 
nothing blocks precipitation creating rain or snow 
shadows, air is free to flow around the 
instruments, heat from individual buildings 
doesn' affect the data significantly, and most of 
the sky can be seen. In choosing your site, some 
compromise may be necessary between the ideal 
for scientific observations and the logistical 
constraints of the school grounds and their 
surroundings. The key to ensuring the value of 
your students' data is to document the nature of 
your Atmosphere Study Site and its surroundings. 


Figure AT-IC-9 shows the ideal site. Trees, 
buildings, and other structures are all at least four 
times as far away as they are tall. For example, if 
your site is surrounded by trees or buildings that 
are 10 meters tall, place your instruments at least 
40 meters from these trees. At such distances, 
trees, bushes, or buildings can be useful by 
breaking the wind and actually make your rainfall 
and snowfall readings more accurate 


Cloud, Contrail, and Aerosol 
Observations 


Measurements of cloud and contrail amounts, 
cloud type, and aerosols require an unobstructed 
view of the sky but do not require the installation 
of any equipment. The middle of a sports field is 
an excellent location. The site where you take 
your cloud, contrail, and aerosol measurements 
does not have to be the same as the location of 
your rain gauge, hygrometer, ozone measurement 
station, and instrument shelter. If you choose to 
take cloud, contrail, and aerosol Observations 
from a separate site located more than 100 m 
from the shelter, define two Atmosphere Study 
Sites and report the data from the different 
protocols separately. To pick a good spot from 
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which to take these measurements, simply wal 
around your school until you come to an are 
where you have the most unobstructed view 
the sky. If you live in a city, you may not be abl 
to find a completely unobstructed view of the sk 
Choose the most open site available. 


For sites that have substantial obstacles such; 
tall trees or large buildings which prevent a vie 
of the entire sky, it will be helpful to take thre 
observations of cloud and contrail cover and clou 
and contrail type, spaced 5 minutes apart. In thes 
situations, report to GLOBE the average cloudan 
contrail cover and all cloud types observed, rathe 
than a single observation 


Precipitation, Relative Humidity, 
Temperature, and Ozone Instrument 
Placement 


The ideal placement for both the rain gauge (anc 
or snowboard) and the instrument shelter, whic 
will house the thermometers and digit 
hygrometer instrument, is a flat, open area with 
natural (e.g., grassy) surface. Avoid building rool 
and paved or concrete surfaces if at all possibl 
these can become hotter than a grassy surface an 
may affect instrument readings. Hard surfaces @ 
cause errors in precipitation measurements du 
to splash-in. Also avoid placing the instrumen 
on steep slopes or in sheltered hollows unless suc 
terrain represents the surrounding area. 


Measurements of soil moisture and temperatul 
are much more valuable to scientists and mo 
usable in student research projects if data 0 
Precipitation and air temperature are availab 
from a site that is within 100 meters of the 50 
Moisture or Soil Temperature Study Site. The 
soil measurements involve digging, placi! 
instruments in the ground, taking samples of sol 
and sticking soil thermometers in the ground. 
it is possible for your school to take these 5 
measurements, even if you don't plan to do sof 
several years, you should take into consideratio 
the requirements for the Soil Moisture and x 
Temperature Protocols given in the Soil I nvestigatio 
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Rain Gauge Placement 

Since wind is one of the greatest causes of error 
in rain gauge measurements, the best placement 
for the rain gauge is on a post as low to the ground 
as practical. Wind blowing across the top of the 
gauge creates an effect that causes raindrops to be 
deflected around the gauge. Because wind speed 
generally increases with height above the ground, 
the lower the rain gauge, the less effect the wind 
should have on it. In Figure AT-IC-8, note that 
the instrument shelter and the rain gauge are 
mounted on separate posts. The top of the rain 
gauge is about 0.5 meters above the ground and 
is located 4.0 meters away from the instrument 
shelter so that the shelter does not block rain from 
collecting in the gauge. 


1f it is not practical to place the rain gauge and 
instrument shelter on separate posts, they may 
be mounted on a single post, with the rain gauge 
mounted on the opposite side from the shelter. 
Regardless of whether the rain gauge shares a post 
with the instrument shelter or is mounted on its 
own post, make sure the top of the rain gauge is 
about 10 cm higher than the top of the post, to 
avoid splash-in of rain from the post top. If 
possible, cut the top of the post at a 45° angle 
sloping away from the rain gauge so that drops 
will splash away from the gauge. 


Figure AT-IC-8 


Snowboard Placement 

Place the snowboard on relatively level ground 
where the snow depth best represents the average 
depth of the surrounding area. For a hillside, use 
the slope with an exposure away from the sun 
(this means a northerly exposure in the Northern 
Hemisphere and a southerly exposure in the 
Southern Hemisphere). The site should be free 
from trees, buildings, and other obstructions that 
may affect wind flow or the melting of snow. 
Remember that after each new snow fall, the 
snowboard will be moved to a new, undisturbed 
location. Also remember to place a flag where the 
snowboard is located so that you can find it 
following a snow fall. 


Instrument Shelter and Thermometer 
Placement 

The instrument shelter should be mounted so that 
the maximum-minimum thermometer mounted 
inside is 1.5 meters above the ground (or 0.6 
meters above the average maximum snow depth). 
This will help prevent heat from the ground from 
affecting your temperature reading. The 
instrument shelter should be mounted on the side 
of the post that faces away from the equator. That 
is, the instrument shelter should be placed on the 
north-facing side of the post in the Northern 
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post in the Southern Hemisphere. This 
placement helps protect the thermometer from 
direct sunlight when the shelter door is opened 
to take a reading. 


The post on which the instrument shelter is 
mounted should be secured in the ground as 
firmly as possible. This will help minimize 
vibrations caused by strong winds which may 
cause the indicators in the maximum/minimum 
thermometer to move. Locking the instrument 
shelter is customary to prevent tampering with 
the thermometer between readings. 


The shelter protects the thermometer from 
radiation from the sun, sky, ground, and 
surrounding objects, but allows air to flow 
through so the air temperature inside the shelter 
is the same as the air temperature outside the 
shelter. Mount the maximum/minimum 
thermometer in the instrument shelter so that 
there is air flow all around the thermometer case, 
This is usually accomplished by using blocks or 
spacers between the thermometer and the rear 
wall of the shelter. See Figure AT-IC-3. No part 
ofthe thermometer should touch the walls, floor, 
or ceiling of the shelter. 


The probe of the digital multi-day maximum 
minimum thermometer should hang in the air 
in the air inside the shelter and not touch the 


walls. The read-out unit may be mounted on the 
back wall. 


Ozone Measurement Station 


The measurement station is mounted on a 
permanent post and located in an open area to 
allow air to flow freely around the chemical strip. 
It should be located near the GLOBE Instrument 
Shelter to enable students to collect required 
current temperature data easily. Thus, the Ozone 


Measurement Station is part of the Atmosphere 
Study Site. 


The unit that holds the chemical test strip should 
be attached to a 5-cm diameter by 2-meter long 
wooden pole. Once the pole is permanently 
placed 60 cm into the ground, the top of the 
monitoring station will be at 1.4 meters above 
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ground placing the chemical strip at about 3 
meters above the ground. This will place the paper | 
clip that holds the ozone sensitive strip at a god 
height for middle grade students. The pole may 
be shorter to locate the monitoring station atą 
convenient level for younger students or they can 
stand on the same step stool used to put thei 
eyes level with the maximum/minimun 
thermometer in the instrument shelter. The plastic 
disk protects the chemically sensitive strip from 
light rain or snow. 


Security of Your Instruments 


Some schools have reported vandalism problems 
at their GLOBE study sites, particularly with the 
rain gauge and the instrument shelter. Each school 
must determine what security measures work best 
for them. Some schools place their instrument 
shelter in a very prominent place where the whole 
community can appreciate it and keep a watch 
on it. Other schools have put fences around their 
atmosphere sites. This is perfectly acceptable, 
providing that the fencing does not interfere in 
any way with the instruments. This means thata 
fenced enclosure must be large enough so that 
the rain gauge is completely free from obstruction. 
A fenced enclosure should not have a top of any 
kind, even a fenced top, as this will interfere with 
precipitation measurements. If there is simply no 
secure area around your school where instruments 
can safely be left outside for extended periods of 
time, there are alternate GLOBE protocols that 
you can use for measuring current temperature 
and the ozone measurement station may be 
portable. 


atmosphere | 


Documenting Your 


Atmosphere Study Site 


To start reporting atmosphere measurements to 
GLOBE, you must define your Atmosphere Study 
Site in the GLOBE data system. To enable your 
students to get a quick start, you may initially 
define the site by giving it a name and assigning 
it the same coordinates as your school location. 
Later, when you have measured the latitude, 
longitude, and elevation using a GPS receiver, you 
can edit the study site definition to supply this 
information. There are many other characteristics 
of your study site which may be important to 
various data users. These include the heights 
of your rain gauge, maximum/minimum 
thermometer, ozone test strip hanger, the slope 
at your site and the slope’ direction, and any ways 
in which your site differs from ideal conditions. 
All of these items may be added when you edit 
the site description. 


At many GLOBE schools the ideal atmosphere 
study site doesn’t exist. Scientists can still make 
good use of the data from these schools, but 
information is needed about all the ways in which 
your site is not ideal. This information is called 
metadata and is reported as part of the 
Atmosphere Study Site definition. It is important 
for scientists to know any local conditions which 
could affect the temperature at the instrument 
shelter, the amount of rain reaching the rain gage 
or snow accumulating on the snowboard, the 
ability of students to see the whole sky, etc. 


Figure AT-IC-9 


What might affect temperature 
readings? 

Buildings that are heated or cooled put out heat. If 
a building is within 10 meters of the instrument 
shelter, this should be noted in your metadata. 
Surfaces such as pavement and bricks absorb 
sunlight and radiate heat into the surrounding air 
as they warm. If the instrument shelter is mounted 
on a paved surface or a roof, a good description of 
this surface should be reported including the 
material of which the surface is made and its color. 
The desired surface under the atmosphere shelter 
is grass. If the natural surface cover in your area is 
generally bare soil because you live in a arid or semi- 
arid region, this should be reported as well. 


What might affect precipitation or cloud 
observations? 

Both the amount of precipitation collected and the 
amount of the sky that can be seen are affected by 
buildings, trees, hills, etc. surrounding the 
Atmosphere Study Site. For GLOBE, any obstacle 
which is four times as far away as it is tall is not a 
problem. Obstacles that are closer need to be reported 
as part of your site definition. 


Ifyoulookat the top ofan obstacle through a clinometer, 
and it is exactly four times as far away as it is tall, the 
angle you read will be 14°. Every obstacle at an angle 
greater than 14” is too close and should be reported as 
part of your site description unless it is not a substantial 
object. For instance, a 7 meter tall flag pole 7 meters 
away that is ten centimeters in diameter wont 
significantly affect your measurements while a 20 
meter tall tree 40 meters away may create a bit of a 
wind break and will certainly hide part of the sky. 


ds reni RU S 


Height 
of Tree 


4 Times Height of Tree 
Distance to Instrument Shelter 
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Documenting Your 
Atmosphere Study Site ) 


Field Guide 


Task 
To describe and locate your Atmosphere Study Site 


What You Need 

Û Atmosphere Site Definition Sheet О GPS Receiver 
О GPS Protocol Field Guide О 50-meter Tape 
C] Compass Û Glinometer 

О Pen or pencil Û Camera 

In the Field 


1. Fill in the information on the top of your Atmosphere Site Definition Sheet 
2. Locate your Atmosphere Study Site following the GPS Protocol Field Guide. 


3. Describe all obstacles surrounding your site. (A building, tree, etc. is an obstacle if when you 
sight its top through a clinometer, the angle is > 14°.) 


= 


Describe any buildings or walls closer to your site than 10 meters. 


\л 


. If you recorded any trees or buildings in steps 3 or 4, take photographs of the surroundings of 
your site looking North, East, South, and West. Identify the number of the picture for each 
photograph on your Atmosphere Site Definition Sheet. 


6. Choose a partner whose eyes are at the same height as yours. 
7. Ask them to stand 5 meters away from you going up hill on the steepest slope at your site. 
8. Look at their eyes through the clinometer and record the angle. This is the slope at your site. 
9. Record the compass direction to your partner. 
If you have installed a rain gauge, ozone measurement station, or instrument shelter at your 
site, do the following steps: 


10. Measure the height of the top of the rain gauge above the ground in centimeters. 


11. Measure the height of the bulb of the maximum- 


minimum thermometer above the ground in 
centimeters. 


12. Measure the height of the clamp for the ozone strip above the ground in centimeters. 


13. Record the type of ground cover that is under the instrument shelter. 
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Frequently Asked Questions 


1. Is it okay to put our rain gauge and 
instrument shelter in a fenced area? 

This is fine, as long as the fence doesn’t block the 
rain gauge or cause rain to splash into the gauge. 


2. We live in a city where there is not a good 
area on the school grounds to place our rain 
gauge and instrument shelter. Can we put 
these instruments on the roof of the school? 
Although this is not the best location for weather 
instruments, if your choice is between putting the 
instruments on the roof or not participating in 
the Atmosphere Investigation, put the instruments 
on the roof, This has several disadvantages, both 
to students and scientists. 


* Someone will need daily access to the roof 
to take the readings unless automated 
equipment is used. 

* At the height of even a single-story 
building, the wind effect on your rain 
gauge is going to be worse than it would 
be on the ground. 

* You must take care that structures on the 
roof don't block the rain gauge. 

* The roof of a building is likely to be much 
warmer than its surroundings. The heat 
coming off the roof is likely to affect your 
temperature measurements. One way to 
cut down on this effect may be to put 
some kind of material like artificial or real 
grass down on the area underneath your 
instrument shelter. 

* By putting the weather instruments on the 
roof, the measurements made will not be 
easily comparable to schools where the 
instruments are located on the ground. 
However, this does not mean that the 
measurements aren't useful. Eventually 
your school will develop a data record 
that will show if there are any changes in 
precipitation or temperature over time. 


For cloud and aerosols observations, the roof can 
be an excellent location if your school is among 
the tallest buildings around. 


Any time you are unable to strictly follow the 
protocol for placing your instruments, be sure to 


make a note of this in your site 
description. This way other students and scientists 
who use your data will be aware that there are 
special circumstances. 


3. Is it okay to mount our instrument 

shelter on a tree? 

While this may seem to be a reasonable place for 
the shelter, since a tree will protect the 
thermometer from sun and precipitation, a tree is 
NOT a good place for the instrument shelter. 
Why? Because a tree is a living thing. This means 
that in the process of making food and growing, a 
tree gives off heat and moisture that may affect 
your temperature reading. Also, a large tree may 
provide too much shelter and not allow wind to 
flow freely through the instrument shelter. 


4. We can't find a location on the school 
grounds which is four times as far from the 
school building as the height of the building. 
What should we do? 

It is often difficult to find an IDEAL location for 
the atmosphere instruments on your school 
grounds. Place the instruments in as good a 
location as possible. Remember to complete the 
Atmosphere Site Definition Sheet, and report the 
metadata about your site to the GLOBE Data 
Archive as part of defining your Atmosphere Study 
Site. 


5. Can we put our rain gauge on the ground? 
To minimize effects of the wind, placing the rain 
gauge at ground level will help reduce errors, but 
whether or not this is a good idea in practice 
depends on several factors. Most of all, the rain 
gauge must be stable. You don't want to just place 
it ona surface where it may get blown over by the 
wind or accidentally knocked over. That is, even 
if you want to put your rain gauge at ground level, 
you must still be certain that it is firmly attached 
toa post that will keep the gauge upright. Another 
consideration is the type of surface on which you 
are placing the gauge. A hard surface, such as 
concrete or asphalt, may increase the chance that 
rain will splash into the gauge from the ground. 
In this case, it would be best to have the top of 
the gauge at least 50 centimeters above the 
ground. However, if the surface is a porous natural 
surface, the gauge can be placed very close to the 
ground with little problem of splash-in. 
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6. We don’t have a manufactured rain gauge. 
Can we use a soft drink bottle or some other 
kind of container? 

The challenge with using a container other than a 
manufactured rain gauge that meets GLOBE 
specifications is obtaining an accurate 
measurement that is comparable to other data. 
Accurate measurements of rainfall involve more 
than just putting a ruler in a container and 
measuring the depth of rainwater. In addition, 
most containers are not straight-sided making it 
difficult to get consistent measurements. All of 
these difficulties indicate that the best possible 
container to measure rainfall is a gauge that meets 
the GLOBE specifications. 


If you must use something other than an official 
rain gauge, please make a note of this as part of 
your Atmosphere Study Site definition. 


The first requirement of a homemade rain gauge 
is that the top opening be round, level when it is 
mounted and have a diameter that meets GLOBE 
specifications. You should follow a special 
procedure to obtain the depth of rain that has 
fallen. Measure the diameter of your containers 
top opening in centimeters. After rain has 
accumulated in the gauge, pour it into the 100 
mL graduated cylinder that you use in the 
hydrology and soil protocols. Measure the volume 
of rain that has collected in mL (which are equal 
to cubic centimeters). If more than 100 mL of rain 
has accumulated, fill the graduated cylinder to the 
100 mL mark, empty it into a clean container and 
fill it again. Add up the volumes you measure in 
this way to get the total volume. The depth of 
rainfall is calculated as shown in the box below: 


Report the value to the nearest tenth of а 
millimeter. Be sure to use a container that will 
not affect the pH of the rain water and use a clean 
graduated cylinder to measure the volume. 


7. Why does the instrument shelter have to 
face away from the equator? 

When you go outside on a sunny day, it is quickly 
obvious that you feel much warmer standing in 
direct sunshine than standing in the shade. For 
GLOBE temperature measurements, we want to 
measure the temperature of the air, without the 
influence of direct sunshine. In order to get an 
accurate measurement of air temperature, we 
need to make sure that the thermometer is 
protected from direct sunshine. This means that 
in the Northern Hemisphere the instrument 
shelter should face north, and in the Southern 
Hemisphere the instrument shelter should face 
south. In this way, sunlight will not shine directly 
onto the instruments in the shelter when the 
shelter door is opened to take a reading. 


8. Mounting the instrument shelter so that 
our maximum-minimum thermometer is 1.5 
meters off the ground makes it difficult for 
our youngest students to read the 
thermometer. Can we place it lower to the 
ground? 

In the same way that placing the instrument 
shelter too close to a building or tree can influence 
temperature readings, placing the instrument 
shelter too close to the ground can influence the 
temperature reading. As the ground heats up 
during the day, it emits more energy. By putting 
the instrument shelter about 1.5 meters from the 
ground, the heat from the ground has a chance 


Area of the rain gauge opening (cm?) = 


Radius of rain gauge opening (cm) - oL IR {DE opening (cm) 
X [Radius of rain gauge opening (cm)] ? 


Rain Depth (mm) = 10H? у Volume of rain (mL or cm?) 


2 


cm 


Area of the rain gauge (cm?) 
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to dissipate into the atmosphere, so that we end 
up measuring air temperature and not ground 
temperature. For smaller students, provide a 
sturdy step (or set of steps) that will allow them 
to be at eye-level with the thermometer so that 
they can read it accurately. 


9. The mountains around our school 

partially block our view of the sky. What 
should we do? 

In some cases, schools on hillsides or in valleys 
may have mountains or hills that block at least 
part of the horizon. Treat the surrounding hills or 
mountains as obstacles and describe them in your 
metadata. Use the clinometer to measure the angle 
when you are looking at the hilltops or ridge lines 
and include this in your description. In this 
situation, also remember that local solar noon is 
the time when the sun is at the highest point in 
the sky that it will reach today. The time of 
apparent sunset and sunrise may be affected by 
the surrounding terrain, and so, you cannot 
simply average the times of local sunrise and 
sunset that you observe to calculate local solar 
noon. 


10. The conditions at our Atmosphere Study 

Site have changed; what should we do? 

You should report the new conditions to GLOBE 
using the “edit a study site” feature. Be sure to 
choose the setting indicating that you are reporting 
a change rather than supplying missing data or 
correcting data. It is important that the date you 
report be the first day when conditions changed 
or the day when you first observed the change. 
The metadata you enter will be associated with all 
data reported for this site beginning with this date. 


11. We don’t have access to a GPS receiver at 
present to define the location of our 
Atmosphere Study Site; what should we do? 
You should define your Atmosphere Study Site 
and choose for its location the coordinates of your 
school. Later, when you have access to a GPS 
receiver, use it to measure the latitude, longitude, 
and elevation of your site and report these data to 
GLOBE by editing the definition of your Site. 
Information about obstacles, the heights of the 
various instruments, etc. can also be reported after 
data collection and reporting have begun by 
editing the definition of your Site. 
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Cloud Protocols 


Purpose 
To observe the type and cover of clouds and 
contrails 


Overview 

Students observe which of ten types of clouds 
and how many of three types of contrails are 
visible and how much of the sky is covered by 
clouds (other than contrails) and how much is 
covered by contrails. 


Student Outcomes 

Students learn how to make estimates from 
observations and how to categorize specific 
clouds following general descriptions for the 
categories. 


Students learn the meteorological concepts of 
cloud heights, types, and cloud cover and 
learn the ten basic cloud types. 


Science Concepts 
Earth and Space Science 

Weather can be described by qualitative 
observations. 

Weather changes from day to day and over 
the seasons. 

Weather varies on local, regional, and 
global spatial scales. 

Clouds form by condensation of water 
vapor in the atmosphere. 

Clouds affect weather and climate. 

The atmosphere has different properties at 
different altitudes. 

Water vapor is added to the atmosphere by 
evaporation from Earth’s surface and 
transpiration from plants. 

Physical Science 


Materials exist in different states — solid, 
liquid, and gas. 


Geography 
The nature and extent of cloud cover 
affects the characteristics of the physical 
geographic system. 
Scientific Inquiry Abilities 
Use a Cloud Chart to classify cloud types. 
Estimate cloud cover. 
Identify answerable questions. 
Design and conduct scientific 
investigations. 
Use appropriate mathematics to analyze 
data. 
Develop descriptions and predictions using 
evidence. 
Recognize and analyze alternative 
explanations. 
Communicate procedures, descriptions, 
and predictions. 


Time 
10 minutes 


Level 
All 


Frequency 

Daily within one hour of local solar noon 

In support of ozone and aerosol measurements 
At the time of a satellite overpass 


Additional times are welcome. 


Materials and Tools 
Atmosphere Investigation Data Sheet or 
Cloud Data Sheet 
GLOBE Cloud Chart 
Observing Cloud Type (in the Appendix) 


Prerequisites 


None 
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Cloud Protocols — 
Introduction 


Clouds and the Atmosphere 


Water in the environment can be a solid (ice and 
snow), a liquid, or a gas (water vapor). As water 
moves from place to place it can melt, freeze, 
evaporate, or condense. These changes happen 
as the water is warmed or cooled. 


Water in the atmosphere exists in all three phases 
(solid, liquid, gas) and changes phase depending 
on temperature and pressure. Like most other 
gases that make up the atmosphere, water vapor 
is invisible to the human eye. However, unlike 
most other gases in our atmosphere, under the 
right conditions water vapor can change from a 
gas into solid particles or liquid drops. If tem- 
peratures are above freezing, the water vapor will 
condense into water droplets. If temperatures are 
below freezing, as they always are high in the at- 
mosphere, tiny ice crystals may form instead. 
When a large number of water droplets or ice crys- 
tals are present, they block light enough for us to 
see them — they form clouds. So, clouds tell us 
something about air temperature and water up in 
the sky. They also affect the amount of sunlight 
reaching the ground and how far we can see. 


In the troposphere, the lowest part of the atmo- 
sphere, temperature decreases with increasing 
altitude. As ice crystals form at high altitudes, they 
are often blown away from the region where they 
formed by the strong winds of the jet streams. 
Through this process of formation and movement 
ice crystals often merge into larger crystals and 
then begin to fall. These falling or windblown 
crystals create streaks, which we see as wispy 
clouds. These streaks are often curved by the 
wind, which can blow at different velocities at 
different altitudes. 


Other types of clouds are blown about by the 
wind, too. Updrafts help form towering clouds; 
downdrafts tend to create clear spaces between 
clouds. Horizontal winds move clouds from place 
to place. Clouds that form over lakes and oceans 
are blown over the dryer land, bringing precipi- 
tation. Strong winds high in the atmosphere 
sometimes blow the tops off clouds creating an- 


vil shapes or carrying ice crystals far downwind 
to clear areas. 


Ice crystals and water drops scatter light differ. 
ently. Thick clouds absorb more sunlight than thin 
ones. The types of clouds, phases of water, and 
amount of clouds, ice, and water drops all affect 
the amount of sunlight that comes through the 
atmosphere to warm Earths surface. Clouds also 
affect how easily heat from the surface can escape 
through the atmosphere back to space. 


By observing clouds, we can get information about 
temperature, moisture, and wind conditions in 
different places in the atmosphere. This informa- 
tion helps in predicting the weather. Observations 
of clouds also help us know how much sunlight 
is reaching the ground and how easily heat from 
the ground and lower atmosphere can escape, and 
this information is important in understanding 
climate. 


Clouds and Weather 


Which types of clouds you see often depends on 
the weather conditions you are experiencing or 
will soon experience. Some clouds form only in 
fair weather, while others bring showers or thun- 
derstorms. The types of clouds present provide 
important information about vertical movement 
at different heights in the atmosphere. By paying 
attention to the clouds, soon you will be able to 
use cloud formation to forecast the weather! 


Cloud types may indicate a trend in the weather 
pattern. For example, altocumulus clouds are of- 
ten the first indicator that showers may occur later 
in the day. In middle latitudes, one can often see 
the advance of a warm front by watching the cloud 
types change from cirrus to cirrostratus. Later on, 
as the front gets closer, the clouds thicken and 
lower, becoming altostratus. As precipitation be- 
gins, the altostratus clouds become nimbostratus, 
immediately before the front passes your location. 


Cloud types are an important sign of the processes 
that are occurring in the atmosphere. Clouds in- 
dicate that moist air is moving upward, and 
precipitation can only happen when this occurs: 
Clouds often provide the first signal that bad 
weather is coming, although not all clouds are 
associated with bad weather. 
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Clouds and Climate 


Clouds play a complex role in climate. They are 
the source of precipitation, affect the amount of 
energy from the sun that reaches Earth’s surface, 
and insulate Earth’ surface and lower atmosphere. 


At any given time, over half of Earth’s surface is 
shadowed by clouds. Clouds reflect some of the 
sunlight away from Earth, keeping the planet 
cooler than it would be otherwise. At the same 
time, clouds absorb some of the heat energy given 
off by Earth’s surface and release some of this heat 
back toward the ground, keeping Earth's surface 
warmer than it would be otherwise. Satellite mea- 
surements have shown that, on average, the 
cooling effect of clouds is larger than their warm- 
ing effect. Scientists calculate that if clouds never 
formed in Earth's atmosphere, our planet would 
be over 20° C warmer on average. 


Conditions on Earth affect the amount and types 
of clouds that form overhead. This helps to shape 
local climate. For example, in rain forests, the trees 
release large amounts of water vapor. As daily heat- 
ing causes the air to rise, clouds form and intense 
rainstorms occur. Over three-quarters of the wa- 
ter in tropical rain forests is recycled in this way 
and cloud cover is almost complete for most of 
the year. In contrast, in a desert there is no sur- 
face source of moisture and clear conditions are 
typical. These clear conditions allow for more 
heating by sunlight and larger maximum tempera- 
tures. In both cases, the local climate – 
precipitation and temperature — is tied to cloud 
conditions. 


Human activities also can affect cloud conditions. 
One specific and obvious example is the forma- 
tion of contrails, or condensation trails. These are 
the linear clouds formed when a jet aircraft passes 
through a portion of the atmosphere having the 
right combination of moisture and temperature. 
The jet exhaust contains some water vapor as well 
as small particles — aerosols — that provide con- 
densation nuclei that help ice crystals begin to 
form. In some areas, jet traffic is causing a notice- 
able change in cloudiness, which may affect both 
weather and climate. 


How will cloud conditions change if Earth sur- 
face becomes warmer on average? If the surface 
water of oceans and lakes warms, more water will 
evaporate. This should increase the total amount 
of water in the atmosphere and the amount of 
cloud cover, but what type of clouds will form? 
Will the increase in clouds happen mostly at high 
altitudes or low altitudes? Clouds at all altitudes 
reflect sunlight helping to cool Earths surface, but 
high clouds release less heat to space and thus 
warm the surface more than low clouds. So, the 
changes in surface temperatures may depend on 
how cloud conditions change. 


Many official sources of weather observations are 
now using automated equipment to observe 
clouds. These automated measurement systems 
do not take cloud type observations. This makes 
cloud observations by GLOBE students and other 
amateur weather observers unique as a data 
source. Since 1960, scientists have also used sat- 
ellites to observe clouds. These observations began 
with simple pictures of clouds, but more advanced 
techniques are always being added. Scientists are 
working to develop automated methods to infer 
cloud types from visible and infrared weather sat- 
ellite images. This task is hard, and observations 
from the ground are needed for comparison. Con- 
trail detection from space is especially challenging, 
since many contrails are too narrow to see in sat- 
ellite images. Accurate cloud type observations 
from GLOBE students are an important source of 
these ground-based observations. 
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Teacher Support 


Every one looks at clouds. Children often stare 
up and imagine that they see the shapes of vari- 
ous objects in the sky. In GLOBE, students will 
be shifting what they look for in the sky to some 
specific, scientifically meaningful properties — 
cloud type and cover. A great habit to develop is 
looking up at the sky every time you go outdoors. 
Pay attention to what is going on in the atmo- 
sphere. You might be surprised at how much is 
happening! 


Students take cloud observations with their eyes. 
The only equipment needed is the GLOBE Cloud 
Chart, so these protocols are easy to get started, 
but identifying cloud cover and cloud types is a 
skill. Students will get better with practice; the 
more frequently you and your students take cloud 
observations, the more comfortable you will be- 
come with these measurements, and the better 
will be the quality of your data. 


With the advent of automated weather stations 
which only have instruments capable of viewing 
clouds at heights up to 3,000 to 4,000 meters, 
many middle and high clouds, including contrails, 
are no longer observable. The GLOBE cloud ob- 
servations will provide a useful data set, 
continuing visual observations that have been 
collected for over 100 years that are now being 
replaced with automated observations. 


Good questions to help students start determin- 
ing the best place to take their measurements 
would be: 


Where on the school grounds would you see the most 
clouds? Where would you see the least? 


As you walk around the school grounds, have the 
students draw a map of the area. The youngest 
students could just sketch the main features, such 
as the school building(s), parking lots, play- 
Brounds, etc. Older students should fill in more 
detail, such as what the playground surface is (e. g 
paved, grassy, or bare ground). Have them note 
any streams or ponds and indicate areas of trees. 
They could measure how much of the sky is hid- 
den by buildings and trees using the clinometer 
and techniques given in Documenting Your Atmo- 
sphere Study Site. The goal is to have a drawing of 


the school grounds so that students understand 
why the site for cloud observations was chosen, 
Each year, the new class of students can repeat 
this mapping to gain this understanding, 


Measurement Hints 


Cloud Cover 

Cloud cover is a subjective estimate, but an im- 
portant scientific one. Meteorologists and climate 
scientists must have accurate cloud cover obser- 
vations to correctly account for the amount of solar 
radiation which is reflected or absorbed, before 
sunlight reaches Earths surface and the amount 
of radiation coming up from Earth surface and 
lower atmosphere which is reflected or absorbed 
before it can escape to space. 


As the Learning Activity Estimating Cloud Cover 
makes clear, the human eye tends to overestimate 
the percentage of the sky covered by clouds. Hav- 
ing students do this activity is the best first step 
to taking accurate measurements. The other key 
to accuracy for cloud cover is to have students 
observe the entire sky that is visible from your 
Atmosphere Study Site. 


Once students begin to take cloud cover observa- 
tions, it is important that the observations be done 
by small groups in which a consensus can be 
achieved. One useful way to do the observation 
is to divide the sky into four quadrants, estimate 
the fractional coverage in each quadrant, and then 
find the average. This can be done using decimal 
values, or fractions, depending on students’ math- 
ematical abilities. The biggest discrepancies will 
usually occur for borderline situations, where one 
Category is close to another. Cloud cover catego- 
Ties are given in Table AT-CI-1. 


As students become more expert in this measure- 
ment, they will begin to realize that clouds are 
three dimensional and have thickness. As one 
looks toward the horizon, the sky can appear to 
be more cloud covered than it really is because 
the spaces between clouds are hidden from view 
This effect is more pronounced for low clouds than 
for middle and high clouds (these categories are 
discussed under Cloud Type). It is also more of at 
issue for cumulus clouds than for stratus clouds. 
If when looking directly overhead students see à 
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Table AT-CL-1 


pattern of cloud cover with individual puffs or 
ong rolls of cloud separated by clear areas, and 
he general appearance of the clouds is similar 
ooking toward the horizon, it is reasonable to infer 
that there are spaces between these clouds as well 
and the cloud cover is not 100% toward the hori- 
zon. 


This protocol includes a category of *No Clouds" 
which should be reported whenever there are no 
clouds visible in the sky and a category *Obscured 
Sky". This condition is to be reported when 
weather phenomena restrict the observers ability 
to clearly see and identify the clouds and con- 
trails in the sky. There are ten possible reportable 
obscurations. If your students have difficulty see- 
ing the clouds and contrails in more than 
one-quarter of the sky, they will not report cloud 
or contrail cover using one of the normal catego- 
ties, rather, they should report that the sky is 
Obscured, and then report one (or more) of the 
obscuring phenomena that are responsible for the 
limited visibility of the sky. Metadata should be 
reported for cloud and contrail cover for the part 
of the sky that is visible if the sky is only partially 
obscured. The obscuring phenomena are defined 
below. 


* Fog 

Fog is a collection of small water droplets 
which is based at the ground, and restricts 
visibility along the ground and above it. 
Stratus clouds are often associated with 
fog. In coastal areas, mountains, and 
valleys, fog may be prevalent during the 
midday GLOBE observations. This 
category will include ice fog or diamond 
dust which is prevalent in cloud-free 
weather at high latitudes. 

Smoke 

Smoke particles, from forest fires or other 
Sources, often severely restrict visibility along 
and above the ground. If smoke is present, 


Percentage If less than If greater than or equal to 
1096 Clear Isolated 
2596 Isolated Scattered 
5096 Scattered Broken 
9096 Broken Overcast 


there will be a distinct odor of smoke, 
distinguishing it from haze or fog. 


Haze 

Haze is caused by a collection of very 
small water droplets, or aerosols (which 
may be water droplets, pollutants or 
natural dust particles suspended in the 
atmosphere), which collectively give the 
sky a reddish, brown, yellowish, or white 
tint. Smog would be placed in this 
category. GLOBE has a new Aerosols 
Protocol for teachers who wish to learn 
more about haze and its causes. Most of 
the time measurable haze is present, 
clouds will still be observable. This 
category is only checked when the haze is 
so extreme that clouds cannot be seen. 


Volcanic Ash 

One of the greatest natural sources of 
aerosols in the atmosphere occurs when a 
volcano erupts. In such cases, it is 
conceivable that schools may have ash 
falling, or other restrictions to visibility 
(perhaps a plume overhead). 


Dust 

Wind will often pick up dust (small soil 
particles — clay and silt) and transport 
them thousands of kilometers. If the sky 
cannot be discerned because of dust 
falling or blowing, please report this 
category. Severe duststorms may restrict 
visibility at some locations, and they 
would be reported in this category as well, 
for example, if students cannot go 
outdoors because of a severe duststorm, 
the sky would be reported as obscured 
and dust would be the reason. 


Sand 

Blowing or suspended sand, or 
sandstorms, generally require stronger 
winds than dust events, but they can make 
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it just as difficult for observers to see the 
sky. 

Spray - (also called sea spray) 

Near large bodies of water, strong winds 
may suspend drops of water which will be 
sufficient to reduce the visibility so that 
the sky cannot be clearly discerned. This 
category generally is restricted to the area 
immediately adjacent to the coast, once 
inland, salt particles may be suspended 
after the water drops evaporate, leaving 
aerosols behind. 


Heavy Rain 

If rain is falling intensely at the time of the 
observation, the sky may not be visible. 
Even though it may seem overcast, if you 
cannot see the entire sky, you should 
report the sky as obscured, and heavy rain 
being the cause, 


. 


Heavy Snow 

Snow may also fall at rates sufficient to 
prevent the observers clear view of the sky 
and cloud cover. 


Blowing Snow — In the event the wind is 
blowing with sufficient strength to lift 
fallen snow off the ground, it may prevent 
observation of the sky. If blizzard 
conditions are occurring (strong winds 
and snow is still falling intensely), both of 
these last two categories should be 
reported. 


Contrail Cover 


The same technique of dividing the sky into four 
quadrants described above for cloud cover can 
also be used in the estimate of contrail cover. One 
single persistent contrail crossing the sky covers 
less than 1% of the sky (see Estimating Cloud Cover 
Learning Activity). Therefore, counting contrails 
can also be a good tool in the estimation. When 
the sky is obscured, as described above, contrail 
cover measurements cannot be taken. 


Cloud Type 

Cloud type is a qualitative measurement. The 
GLOBE Cloud Chart, the cloud quiz on the 
GLOBE Web site, and other cloud information 
attainable in textbooks and from online sources 
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may be useful in helping students learn the many 
different ways clouds can appear. However, two. 
dimensional images look quite different compared 
to actual sky observations, which are three-dimen. 
sional, and there is no substitute for experience 
in taking cloud observations. 


The cloud type system is organized into 3 catego. 
ries depending on the height or altitude of the 
base of the cloud. High clouds (cirro- or cirrus) 
are universally composed of ice crystals, and hence 
are more delicate in appearance. Because they are 
farther from the observer, they will also appear 
smaller than other cloud types, in general. The 
wispy trails often seen in high clouds are ice crys- 
tals falling and subliming (turning from a solid 
into a gas). Generally, the sun can be seen through 
high clouds and the ice particles in cirrostratus 
clouds scatter the sunlight to form a bright ring, 
called a halo, around the sun. 


Middle clouds always begin with the prefix alto- 
and are predominantly comprised of water drop- 
lets. They may contain some ice. Sometimes the 
sun can be seen through these clouds as well, but 
without a ring. 


Low clouds are closest to the observer, and they 
will often appear to be quite large in comparison 
to higher clouds. They may be much darker, ap- 
pearing more gray than high or middle clouds. 
Low clouds may extend to much higher altitudes, 
which can be seen when there are clear gaps be- 
tween the clouds. 


Once this basic distinction is clear to you (high 
middle/low), the next thing to decide is the shape 
or form of the cloud. If the cloud feature is a fairly 
uniform layer, it will be a stratiform, stratus-type 
cloud. Most clouds that have shape or forms such 
as puffs, rolls, bands, or tufts, are cumuliform, 
from the cumulus family. Finally, if a cloud is pro- 
ducing precipitation (which the observer can see), 
it must have nimbus in its name. The wispy shapes 
produced by ice clouds almost always occur at 
high altitudes and so they are called by the same 
name as high clouds — cirro- or cirrus. Ву ре" 
forming the Cloud Watch Learning Activity from 
time to time with your students, you (and they) 
will gain more confidence in their ability to iden- 
tify the cloud types in a complex sky! 


Atmosphere 


Contrail Type 
Contrails generally occur at high levels like cirro- 
or cirrus clouds. However, as human-induced 
clouds, contrails are reported in a separate cat- 
egory There are three types of contrails for 
students to classify. These are: 

e Short-lived — contrails that disappear 
shortly and form short line segments in 
the sky that fade out as the distance away 
from the airplane that created them 
increases. 
Persistent Non-Spreading — these contrails 
exist long after the airplane that made 
them has left the area. They form long 
straight lines of approximately constant 
width across the sky. 
* Persistent Spreading — these contrails also 
exist long after the airplane that made 
them has left the area. They form long 
streaks that grow wider and fuzzier as the 
distance from the plane that caused them 
increases. 
Short-lived contrails form when the air at the el- 
evation of the airplane is somewhat moist. 
Persistent contrails form when the air at the el- 
vation of the airplane is very moist, and are more 
likely to affect climate than short-lived contrails 
are. 


o 


Student Preparation 


The estimates of cloud type and cloud cover are 
subjective measurements, so involving several stu- 
dents in this task is good. Each student should 
take his or her own readings; then, students 
should come to an agreement as a group. Do not 
be surprised if your students initially have diffi- 
culty with these estimates. Even seasoned weather 
observers debate which type of cloud they are 
seeing, or exactly how much of the sky is covered 
by clouds. As your students get used to these ob- 
servations, they will begin to recognize the subtle 
differences in cloud types. 


Here are two effective ways to help train your stu- 


dents to take the most accurate cloud observations 
Possible: 


1. Practice cloud type observing by taking 
the GLOBE cloud quiz, available from the 
Resource Room of the GLOBE Web server, 


or by spending a lot of time looking at and 
identifying examples of the predominant 
cloud types for your location; 
2. Do the following Learning Activities from 
the GLOBE Atmosphere Teachers Guide 
* Estimating Cloud Cover 
* Observing, Describing and Identifying Clouds 
* Cloud Watch 
These activities are designed to give students plenty 
of opportunities to gain proficiency in identifying 
cloud type and cloud cover. 


Sometimes there may be disagreement among stu- 
dents taking observations of clouds, and the 
process of students coming to a consensus is an 
important part of the scientific discovery process. 
However, it may be useful to include some com- 
mentary in the Metadata section of your Data Sheet. 


Practicing simulations with classmates will help 
build students’ confidence. Be sure to have them 
check the entire sky. One of the best ways to do 
this is with groups of four students, standing back- 
to-back, one facing north, one east, one south, and 
one west. Now, each student is responsible for es- 
timating the amount of cloud from the horizon to 
directly overhead in their quadrant. Make sure they 
are all defining their quadrant in the same way. 
Once each student has an estimate (use 10% in- 
crements, or fractions like eighths or tenths), take 
the average of the four estimates by summing them 
and dividing by 4. This method will be particu- 
larly useful when you have a difficult sky that leads 
to different estimates among group members. 


The following tip may help your students deter- 
mine the heights of cumulus clouds. Have them 
extend their arm away from their shoulder paral- 
lel to the ground, and align their fingers with the 
cloud feature they are observing. A good rule of 
thumb to use is that if the individual puffs, rolls, 
waves, etc., of the clouds are smaller than one fin- 
ger width, they are cirrocumulus. If they are not 
as wide as two fingers, but wider than one finger, 
it is most likely an altocumulus. If wider than two 
fingers, it will be cumulus (look for isolated puffs), 
stratocumulus (clouds are wider than tall, and 
there are many, perhaps elongated in bands), or 
cumulonimbus (with precipitation). 
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For distinguishing the different heights of stratus 
clouds, remember the following. Cirrostratus is 
the only cloud type which can produce a halo 
around the sun or moon. The halo will have all 
the rainbow colors in it. Altostratus will produce 
a thinly veiled sun or moon, and will often be 
darker in appearance, a medium gray color. Stra- 
tus will usually be very gray and often very low to 
the ground. Fog is actually a stratus cloud at zero 
altitude. 


Here are some questions that students may be 
thinking about (or asking) as they take cloud ob- 
servations: 


What kind of sky do I see? 
What kind of sky do other students from 
nearby schools see? 

Should they be the same? 
Cloud cover in particular can be a very local phe- 
nomenon, and therefore cloud type may vary 
significantly from one place to another nearby. 
When viewed as an aggregate for a large group- 
ing of GLOBE schools, cloud observations become 
more useful. Also, local cloud observations are 
important to several other GLOBE protocols. 


Questions for Further Discussion 

Do cloud patterns change during the year? How? 
Does the amount of cloud cover affect the local 
temperature? 

How reliable are local weather forecasts based on 


cloud type observations alone? Can they be im- 
proved by using other GLOBE measurements? 


Do cloud conditions and phenomena that block 
our view of the sky influence the types of vegeta- 
tion and soil in our area? If so, how? 


How do our cloud observations compare with sat- 
ellite images of clouds? 


Are contrails often seen in the local area? Why or 
why not? 


Are the types of clouds and contrails you observe 
related? 


How do the clouds you see relate to nearby moun- 
tains, lakes, large rivers, bays, or the ocean? 
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Field Guide 


Task 


Observe how much of the sky is covered by clouds and contrails. 


What You Need 


O Atmosphere Investigation Data Sheet OR Cloud Data Sheet OR Ozone Data Sheet OR Aerosol Data Sheet 


In the Field 


1. Complete the top section of your Data Sheet. 


2. Look at the sky in every direction. 


3. Estimate how much of the sky is covered by clouds that are not contrails. 


4. Record which cloud classification best matches what you see. 


5. Record which contrail classification best matches how much of the sky is covered by contrails. 


Clear 
Clouds are present but cover less than one-tenth 
(or 10%) of the sky. 


Cloud Cover Classifications Contrail Classifications 

No Clouds None 

The sky is cloudless; there are no clouds visible. | There are no contrails visible. 
0-10 % 


Contrails are present but cover less than 
one-tenth (or 10%) of the sky. 


Isolated Clouds 
Clouds cover between one-tenth (10%) 
and one-fourth (25%) of the sky. 


10-25 % 
Contrails cover between one-tenth (10%) 
and one-fourth (25%) of the sky. 


Scattered Clouds 
Clouds cover between one-fourth (25%) 
and one-half (50%) of the sky. 


25-50% 
Contrails cover between one-fourth (25%) 


and one-half (50%) of the sky. 


Broken Clouds 
Clouds cover between one-half (50%) 
and nine-tenths (90%) of the sky. 


> 50% 
Contrails cover more than one-half (50%) 


of the sky. 


Overcast 
Clouds cover more than nine-tenths (90%) 
of the sky, 


Obscured 
Clouds and contrails cannot be observed because more than one-fourth (25%) of the sky cannot be 
seen clearly. 


6. If the sky is Obscured, record what is blocking your view of the sky. Report as many of the 


following as you observe. 
* Fog * Smoke 
* Sand 


* Haze 
* Spray 


* Heavy Rain 


* Dust 
* Blowing Snow 


* Volcanic Ash 
* Heavy Snow 
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Field Guide 


Task ; 
To see which of the ten types of clouds and how many of each of the three types of contrails are visible 
What You Need 
Û Atmosphere Investigation Data Sheet OR Û GLOBE Cloud Chart 
Cloud Data Sheet OR 
Ozone Data Sheet OR 


Aerosol Data Sheet 


Ц Observing Cloud Type (in Appendix) 


In the Field 


1. Look at all the clouds in the sky, look in all directions, including directly overhead. Be careful 


not to look directly at the sun. 


2. Identify the types of clouds that you see using the GLOBE cloud chart and the definitions 


found in Observing Cloud Type. 


3. Check the box on your Data Sheet for each and every cloud type you see 


4. There are three types of contrails, Record the number of each type you sec 


Clouds 


Cirrus 


Cirrostratus Cirrocumulus 


Altostratus Altocumulus 


Stratus Stratocumulus Cumulus 
Nimbostratus Cumulonimbus 
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Frequently Asked Questions 


1. Why do we have to report cloud cover 

observations even if there are no clouds? 

It is just as important for scientists to know when 
there are no clouds in the sky as when there are 
clouds. Please always report the cloud cover, even 
on a beautiful day with blue sky! How could you 
accurately calculate average cloud cover if data 
were always missing for completely clear days? 
Also be aware that clear sky is the easiest mea- 
surement from the ground, but the hardest to 
determine with confidence from satellite imagery. 


2. Can't an instrument be designed to 
measure cloud cover? 

Yes, in fact, lasers are used to measure this and 
the instrument is called a ceilometer. Ceilome- 
ters measure the portion of the sky covered by 
clouds, but they are very expensive. Further- 
more, many of the ceilometers in use today only 
provide accurate estimates of cloud cover up to 
heights of about 3.5 kilometers, which makes 
them useless for most middle clouds and 

all high clouds. Cloud cover is an aggregate of 
all clouds at all levels, and human observations 
are still the best way to measure this from the 
ground. Also, ceilometers take only a single 
point or profile measurement that may not be 
representative of the overall cloud cover. 


3. Is there any way to make sure 

that our observations are accurate, 

since there is no instrument to calibrate? 
These data are important, and practice will help 
you to become proficient in estimating cloud 
cover. You can compare your own observations 
with nearby neighbors’ observations, and com- 
pare them with “official” observations, too, to learn 
how accurate your own observations are, but re- 
member that on some days the cloud conditions 
will be different even over short distances and they 
May change in minutes. If you do them diligently 
every day, you should become very comfortable 
with your efforts! 


4. We have trouble figuring out if we are 

Correct when we call a certain cloud one of the 
ten types. How do we know if we are correct? 
You can't know for sure. The most important thing 
to do is to practice identifying cloud types as of- 


ten as you can. If you have access to 
the World Wide Web, you can take the 
Interactive GLOBE cloud quiz, which you will find 
online as part of the GLOBE Web site. Also, you 
may wish to obtain another copy of the GLOBE 
Cloud Chart, cut it up, and make flash cards to help 
quiz your classmates. 


5. Is this cloud type observation system in 
GLOBE unique or new in some way? 

This system is the same one that meteorologists 
have been using for two hundred years. Many 
scientists report becoming interested in science 
because they started to observe the sky and note 
how it was different (in terms of cloud types) from 
one day to another. The scientific basis of this 
cloud type observing system has not changed sub- 
stantially since it was first devised. The systematic 
breakdown of clouds into ten basic types was 
motivated, at least in part, by the classification of 
species of living things into the Animal and Plant 
Kingdoms by biologists. In fact, meteorologists 
often further divide the cloud types into other 
specific variations within each cloud type. 
Castellanus refers to castle-like turrets in a cloud 
formation, an indicator that the atmosphere is 
becoming unstable, perhaps foretelling precipi- 
tation. Lenticularis means lens-shaped, a cloud 
often formed over high mountains. And cumulus 
are often separated into humilis (fair weather, 
puffy) or congestus (towering, heaped like cauli- 
flower, very tall). 


6. What do I report if only part of the sky is 
obscured, but I can determine cloud types 
for part of the sky? 

If more than one-quarter of the total sky is ob- 
scured, report ‘obscured’, and report the cloud 
types that you see in metadata. If less than one- 
quarter of the total sky is obscured, record the 
cloud cover and cloud types and state in the 
metadata how much of the sky is obscured. 


7. Тат not sure whether what I see is cirrus 
or old, spreading contrails? 

At some point the distinction between the two 
cannot be made. In this situation, please report 
cirrus, but also note in your comments that the 
cirrus looks like it may have started from a con- 
trail. 
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Cloud Protocol ~ 
Looking At Your Data 


Are the data reasonable? 


Given the subjective nature of cloud observations, 
it can be very difficult to determine if they are 
reasonable. 


The internal consistency of the observations can 
be used to determine whether cloud type and 
cover data are reasonable. For instance, if there is 
overcast cloud cover with stratus, stratocumulus, 
or nimbostratus clouds, reports of alto or cirro 
cloud types would be unlikely as observers on 
the ground would not be able to see higher alti- 
tude clouds through the thick lower cloud cover. 
Another example would be reports of only cirrus 
clouds with overcast skies; cirrus clouds are only 
very rarely present in the amounts needed to cover 
90% of the sky. The same is true for cumulus 
clouds as there must be breaks between the clouds 
for them to be cumulus (rather than stratocumulus). 


What do scientists look for in these 
data? 


Many official weather observing stations across 
the world have effectively stopped taking cloud 
observations. National meteorological organiza- 
tions have two primary reasons for this change. 
First, weather satellites are constantly monitor- 
ing Earth’s surface and atmosphere, and we have 
become much better at determining cloud cover 
from satellite pictures in recent years. Second, 
many weather stations are taking their observa- 
tions using automated instruments. These 
instruments cannot determine cloud type, and are 
often limited in their ability to distinguish middle 
and high cloud layers. The automated instruments 
can only sense clouds up to about 3.6 km in alti- 
tude and many cloud types are too high for most 
of these ceilometers to see them. So, they can only 
see half of the cloud types (cumulus, cumulon- 
imbus, stratus, stratocumulus, and nimbostratus). 


Clouds have been observed and associated with 
weather changes for centuries; in fact our cloud 
classification system is over 200 years old. The 
changes that you observe in the clouds help me- 


teorologists to forecast the weather. By watching 
a clear sky change to a sky with isolated cumulus 
clouds, which may grow to scattered cumulus and 
broken cumulonimbus clouds, you can expect 
that thundershowers may begin soon. When an 
overcast stratus cloud thins out to stratocumy. 
lus, you might expect clearer weather to follow, 
Climate scientists like to watch cloud changes over 
long periods of time, to see if there is an increase 
or decrease in cloud cover or a change in type, 


Since the early 19605, meteorologists have had 
weather satel 
clouds (generally shown as white areas on satel- 
lite pictures), such as Figure AT-CL-1, a visible 
photograph from the NOAA 15 polar-orbiting 
weather satellite of the Gulf of Mexico, near the 
southeastern United States. Clouds are seen over 
the waters to the west of Florida, in the Bahamas 
and on the eastern edge of the picture, off the 
coast of North Carolina. The land areas of the 
southeastern United States are fairly clear along 
the Atlantic Ocean, but further to the west we see 
some clouds that are not as bright. This tells me- 
teorologists that these clouds are probably lower | 
and/or not as thick as the bright white ones in 
this mid-afternoon picture 


ite pictures that can be used to see 


Scientists who work with satellite data need good 
surface observations of clouds to provide what is 
called ground truth for their satellite observations. 


Figure АТ-СІ-1: Satellite Image 
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These observations are important because they 
help meteorologists to understand how accurate 
their satellite observations continue to be. In gen- 
eral, the more GLOBE schools that produce cloud 
observations, the better for scientists who wish 
to use these data, because they can assess how 
accurate and consistent the observations are by 
making such comparisons. 


Satellite photographs do not always give scien- 
tists a clear idea of which cloud types are present. 
This is particularly true for contrails, which are 
often too narrow to be seen from space. For this 
reason, it is important for scientists to be able to 
find areas of low, middle, and high clouds, since 
each cloud layer will have different abilities to 
block sunlight and trap infrared radiation. 


Lets look at some maps to see how we might pro- 
ceed with such investigations. Figure AT-CL-2 
shows some cloud cover observations for a spring 
day in 2001 over part of the United States and 
Canada, near the Great Lakes. The Great Lakes 
are large bodies of water that provide ample mois- 
ture to the atmosphere through evaporation. High 
levels of water vapor often lead to cloudy skies. 
The weather map for that day will also be useful 
to understand what type of cloud systems were 
present for that day since, in general, air must be 
rising to produce clouds and low pressure sys- 
tems and fronts are the most likely areas for clouds 
to form. 


Note the large number of gray boxes near the cen- 
ter of the state of Ohio in the map above. From 
the map legend, we see that these indicate areas 
of overcast skies. There are a few stations nearby 
that are not overcast, including one observation 
ofan obscured sky, one broken, and one scattered. 
Perhaps a storm system is affecting a fairly large 
area of northern Ohio and western Pennsylvania. 
To the west of this area, the observations are 
mostly of clear skies. The same is true on the far 
eastern edge of the map, where skies are also 
mostly clear. Note how similar the cloud type 
Observations are to each other within a region. 


Fach cloud cover observation also contains a cloud 
type observation, where students identify each of 
the ten possible cloud types present. Making a 
map of such observations would be very compli- 


cated, since there are so many possible combina- 
tions. GLOBE maps of cloud cover are drawn by 
dividing all cloud types into their height catego- 
ries — low, middle, and high — and combinations 
of these. See Figure AT-CL-3. 


Lets concentrate on eastern Ohio once again. Note 
that almost all of the observations are red, with a 
couple of green squares, a couple of blue squares, 
and one purple square. The map legend shows 
that red squares are low clouds (L), green squares 
are middle clouds (M), and blue squares are high 
clouds (H). The purple square is for an observa- 
tion of low and high clouds (L+H) combined. 
Once again, the cloud observations are generally 
similar to each other, with most GLOBE schools 
reporting that low clouds were present. 


If you look to the eastern edge of the map, there 
are many schools reporting high clouds, middle 
and high clouds, or low and high clouds. Perhaps 
these schools are in the path of a storm system 
that is moving their way from eastern Ohio. 


An Example of a Student Research 
Investigation 

Designing an Investigation 

Natalie has always been interested in clouds. She 
is always drawing them and making shapes out 
of them in her mind. Natalie is one of the stu- 
dents in her class who volunteers to take GLOBE 
Atmosphere measurements and really likes to 
observe the clouds. Natalie decides to make her 
own cloud chart for the class, using cotton balls, 
white paper, blue construction paper, and glue. 
Her teacher decides to make that a class project, 
and they make a beautiful display board with 
cloud cover examples on it (from the Estimating 
Cloud Cover Learning Activity), and pictures of each 
of the ten cloud types. 


Natalie wonders if the sky that she sees is the same 
sky that others see at nearby schools. The class 
decides to compare their cloud observations each 
day to those of two other schools in their area, 
another elementary school and a middle school. 
Some of the children think that it is a game that 
has to be won by finding the most cloud types, 
but that is quickly corrected by the teacher. She 
tells the students that they are collecting data that 
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scientists will be using in research work, and that 
it is important that they do this job well. It does 
not take long for the students to all pitch in and 
do a good job collecting their observations. 


Collecting and Analyzing Data 

After they have made their cloud observations for 
about three weeks, the students use the GLOBE 
visualization tool to find other nearby schools with 
many cloud observations. They decide to limit 
their search to schools within 50 km of their 
school and they find 7 other schools. One of the 
students has a big sister that goes to a middle 
school they found, and another attended a differ- 
ent elementary school last year, so they choose 
those two schools. 


The students decide to compare data first by print- 
ing out maps for each day for cloud cover and 
cloud type. Using these maps, they make an ob- 
servation that the cloud cover observations at the 
nearby schools are not always the same as theirs.. 
In particular, the other elementary school, which 
is near the mountains, seems to have more cloud 
cover and more observations of cumulus clouds 
than Natalie’ school, They decide that this will 
be a good investigation. The middle school re- 
Ports cloud observations similar to theirs, 


The students read about mountain weather and 
discover that in mountain areas there usually are 
more clouds, because as the air is blown across 
the mountains it has to tise, and rising air often 
leads to cloud formation. Because strong upward 
motions form the clouds, they tend to be cumu- 
lus and even cumulonimbus clouds. This seems 
to explain what they are seeing, and Mrs. Jones 
Suggests that they test this explanation. 


nearby schools farther away from the mountains. 


After examining data for an entire year, the stu- 
dents find the following data for 240 observations: 


[ Natalies ^ Mountain View 
school School 
No clouds 15 10 
Clear 33 27 
Isolated 18 14 
|. Scattered 32 35 
E 64 s 
|. Overcast 71 79 
Obscured Sky 7 9 
It is clear indeed that the Mountain View schoo 


has more overcast days and fewer clear days (or 
days with no clouds) than Natalie’ school. The 
students are happy that they have been able to 
test their explanation with observations. 


Future Research 


Another curiosity they observe, with their teachers 
help, is the larger number of Observations of low 
cloud (23 more days with low cloud types at ў 
Mountain View School than Natalies school), and 
they wonder if they are cumulonimbus or cumu- 

lus clouds? They also wonder if the Mountain 
View school has more precipitation than Natalie’ 
school, if they have more cumulonimbus clouds. 
The students are eager to begin their next investi- 
gation! 
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Aerosols Protocol 


Purpose 

To measure the aerosol optical thickness of the 
atmosphere (how much of the suns light is 
scattered or absorbed by particles suspended in 
the air) 


Overview 

Students point a GLOBE sun photometer at the 
sun and record the largest voltage reading they 
obtain on a digital voltmeter connected to the 
photometer. Students observe sky conditions 
near the sun, perform the Cloud, Optional 
Barometric Pressure (optional) and Relative 
Humidity Protocols, and measure current air 
temperature. 


Student Outcomes 

Students understand the concept that the 
atmosphere prevents all of the suns light from 
reaching Earth's surface and they learn what 
causes hazy skies. 


Science Concepts 
Earth and Space Science 

The atmosphere is composed of different 
gases and aerosols. 

The sun is the major source of energy for 
changes in the atmosphere. 

The diurnal and seasonal motion of the sun 
across the sky can be observed and 
described. 

Geography 

Human activities can modify the physical 

environment. 
Atmosphere Enrichment 

Aerosols decrease the amount of solar 
energy reaching Earths surface. 

Aerosols in the atmosphere increase haze, 
decrease visibility, and affect air quality. 


Scientific Inquiry Abilities 

Use a sun photometer and voltmeter to 
measure the amount of direct sunlight. 

Identify answerable questions. 

Design and conduct scientific 
investigations. 

Use appropriate mathematics to analyze 
data. 

Develop descriptions and explanations 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and 
explanations. 


Time 
15-30 minutes to collect data 


Level 
Middle and Secondary 


Frequency 


Every day, weather permitting 


Materials and Tools 
Calibrated and aligned GLOBE sun 
photometer 
Digital voltmeter 
Watch, preferably digital (or GPS receiver) 
Thermometer 
Hygrometer or Sling psychrometer 
GLOBE Cloud Chart 
Barometer (optional) 
Aerosols Data Sheet 


Preparation 

Practice using a digital voltmeter. 
Prerequisites 

Cloud, Relative Humidity, and Optional 
Barometric Pressure (optional) Protocols 


Ability to measure current air temperature 


GLOBE" 2003 


Aerosols Protocol - 1 


Atmosphere 


IWM 


uonmnponu] 


510203034 


xipueddy 


Aerosols Protocol = 
Introduction 


Background 

The atmosphere is composed of molecules of gas 
and small solid and liquid particles suspended in 
the air, called aerosols. Some aerosols are naturally 
produced from volcanoes, sea spray, sand, or 
wind-driven erosion of surface soil. Some aerosols 
are a result of human activity, such as dust from 
agricultural activities, smoke from burning 
biomass and fossil fuels and photochemically 
induced smog due primarily to vehicle emissions. 
Drops and ice crystals that form when water vapor 
freezes or condenses are also aerosols. 


Most aerosols are in the troposphere, but large 
volcanic eruptions can inject aerosols and trace 
gases much higher into the Stratosphere. Aerosols 
in the stratosphere may remain for years while in 
the troposphere, precipitation and interactions 
with Earth’ surface remove aerosols in ten days 
or less. 


Aerosols are too small to be individually visible, 
but you can often see their combined effect when 
the sky is hazy or looks dirty. Brilliant orange skies 
at sunrise and sunset may also be indicators that 
aerosols are present. 


Aerosols influence 
because they affect 


reaching Earths surface. Volcanic aerosols in the 


Scientists to better understand and Predict climate 
and to understand atmospheric chemistry. 


agreed that, because of higher Concentrations of 


aerosols, skies in many parts of the world are 


hazier than they were one or two centuries аро 
even in rural areas. 


Aerosol optical thickness (AOT, also called aerosg 
optical depth) is a measure of the extent to which 
aerosols affect the passage of sunlight through the 
atmosphere. The larger the optical thickness ata 
particular wavelength, the less light of tha 
wavelength reaches Earth’ surface. Measurements 
of aerosol optical thickness at more than one 
wavelength can provide important information 
about the concentration, size distribution, and 
variability of aerosols in the atmosphere. This 
information is needed for climate studies, for 
comparison with satellite data and to understand 
the global distribution and variability of aerosols, 


Investigating Aerosols 


Scientists have Many questions regarding aerosols, 
How do aerosol concentrations change with the 
seasons? How are aerosol concentrations related 
to the weather and climate? How does smoke from 
large forest fires affect sunlight reaching Earth’ 
surface? How long do volcanic emissions stay in 
the atmosphere and where do they go? How is air 
pollution related to aerosols? How do large 
industrial facilities and agricultural activities affect 
aerosols? How do aerosols affect a satellites view 
of Earth's surface? Global measurements are 
needed to monitor the present distribution of 
aerosols and to track events that alter aerosol 
Concentrations. Their study can lead to a better 
understanding of Earth’ climate and how it is 
changing, 


By Teporting measurements regularly, you can 
Provide scientists with the data they need and you 
can start to answer some questions about aerosols 
for your own data collection site. You may even 
observe plumes of aerosols originating thousands 
of kilometers away as they pass through your area. 
By building a data record that extends across 
Several seasons and includes data from many 
locations, GLOBE can help scientists learn more 
about the global distribution of aerosols. 
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Understanding Measurements of 
Aerosols 

Aerosol measurements are best understood in the 
context of the other GLOBE atmospheric 
measurements. There may be observable 
relationships between aerosols and temperature, 
cloud cover, relative humidity, and precipitation. 
Certainly, aerosols vary seasonally. Thus, it is helpful 
to approach this topic as part of a *big picture" of 
the atmosphere and its properties. 


An introduction to the concepts of solar elevation 
angle and relative air mass is essential to 
understanding these measurements. The Learning 
Activities Making a Sundial and Calculating Relative 
Air Mass describe activities to measure these values. 
Advanced-level students with appropriate 
mathematics backgrounds can calculate their own 
value for aerosol optical thickness using the Looking 
at the Data section. They can then compare their 
calculations to the value calculated by the GLOBE 
Data Server. 


The GLOBE Sun Photometer 


The GLOBE sun photometer has two channels, each 
of which is sensitive to a particular wavelength of 
light — green light at about 505 nanometers (nm) 
and red light at about 625 nm. Green light is near 
the peak sensitivity of the human eye; hence, a 
visibly hazy sky is likely to have a large aerosol 
optical thickness at this wavelength. Red light is 
more sensitive to larger aerosols. Data from a single 
channel enables the calculation of AOT in a 
particular wavelength range but it does not provide 
information about the size distribution of aerosols. 
Combining data from more than one channel 
provides information on size distribution. Knowing 
the size distribution helps identify the source of 
the aerosols. 


Measurements taken with the GLOBE sun 
photometer are in units of volts. These values must 
be converted to aerosol optical thickness. Since the 
calculations require mathematics (logarithmic and 
€xponential functions) that are appropriate only for 
high school students taking a pre-calculus 
mathematics course, the GLOBE Data Server will 
Perform the calculations based on the voltage 


readings submitted by students and return a value 
of optical thickness for students to use. There is a 
Looking at the Data section for advanced students 
that includes the equation for converting sun 
photometer measurements into aerosol optical 
thickness. A typical aerosol optical thickness value 
for visible light in clear air is roughly 0.1. A very 
clear sky may have an AOT at green-light 
wavelengths of 0.05 or less. Very hazy skies can 
have AOTs of 0.5 or greater. 


It may be easier to understand the concept of 
optical thickness when it is expressed in terms of 
the percentage of light that is transmitted through 
the atmosphere, according to this formula: 


percent transmission = 100 x e* 


where a is optical thickness at a particular 
wavelength. This calculation gives the percentage 
of light at a particular wavelength that would be 
transmitted through the atmosphere if the sun 
were directly overhead. For an optical thickness 
of 0.10, the percent transmission is about 90.5%. 


For students who are not yet comfortable with 
exponential functions, Table AT-AE-1 gives percent 
transmission as a function of optical thickness. 


Table AT-AE-1 


Optical Percent 
Thickness |Transmission 
0.10 90.596 
0.20 81.996 
oo | 74.196 
0.40 67.096 
0.50 60.796 

[7 0.60 | 54.9% 
0.75 47.2% 
1.00 36.8% 
105 28.7% 
1.50 L 22.396 
2.00 13.596 
250 .] 829 | 
3.00 | 5.0% 
3.50 ll 3.096 
4.00 1.896 
5.00 0.796 
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Where and When to Take Sun 
Photometer Measurements 

The logical place to take sun photometer 
measurements is the same place where you do 
your cloud observations and other atmosphere 
protocols. If you take measurements at some other 
place, you need to define it as an additional 
Atmosphere Study Site. 


Ideally, aerosol measurements should be made in 
the morning when the solar elevation angle is at 
least 30 degrees. This is because, generally, the 
air in the morning is less turbulent than air near 
noon when the sun is high in the sky, or in the 
afternoon, especially in the heat of summer. The 
less turbulent the air, the easier it is to obtain 
reliable measurements. During the winter in 
temperate and higher latitudes, the relative air 
mass at your location may always be greater than 
2. You can still take Measurements, but you should 
take them as close to solar noon as possible. 
Although you should try to take measurements 
during optimum conditions, it is OK to take and 
Teport measurements whenever it is convenient 
and you have an unobstructed view of the sun. 


If you wish to collect sun photometer data that 
support ground validation efforts for Earth- 
observing spacecraft, you may need to take 
Measurements at specific times, corresponding to 
spacecraft overflights of your observing site, For 
more information about this activity, please 
contact the GLOBE Science Team. 


Instrument Care and Maintenance 


Your GLOBE sun photometer is a simple and rugged 
device with no easily breakable parts. However, you 
must take care of it in order to take accurate 


1. Do not drop your photometer. 

2. Protect your sun Photometer from dirt and 
dust by Storing it in a sealed plastic bag 
(such as a Plastic sandwich bag) when you 
are not using it, 

3. Do not expose your sun photometer to 
extremely hot or cold temperatures by 
leaving it in the sun or on a radiator or by 
leaving it outside. 


4. Keep your sun photometer turned off when 
it is not in use. 

5. Check the battery voltage every few months. 
See Checking and Changing Your GLOBE Sup 
Photometer Battery. Your sun photometer 
uses very little power when you take 
measurements, so the battery should last for 
many months of normal use. If you 
accidentally leave the photometer turned on 
for hours or days when you are not using it, 
check the battery before taking additional 
measurements and replace it if necessary, 

6. Do not modify the electronics inside your 
sun photometer in any way. The calibration 
of your instrument depends critically on 
retaining the original components on the 
circuit board. 

- Do not enlarge the hole(s) in the case 
through which sunlight enters your sun 
photometer. The calibration of your sun 
photometer and the interpretation of its 
measurements are based on the size of this 
hole. If you change it, your measurements 
will no longer be valid. 

With a little Саге, your sun photometer will work 

teliably for many years. Although the GLOBE 

Science Team might ask you to return your sun 

Photometer for recalibration, under normal 

conditions no periodic recalibration is necessary. If 

your instrument appears not to be working 
correctly, consult with GLOBE before doing 
anything else. 


~ 


Checking and Changing Your GLOBE Sun 
Photometer Battery 


At least every three months, check the voltage of 
the battery in your sun photometer and replace the 
battery if necessary. If your sun photometer has 4 
built-in digital voltmeter and a “low battery” 
indicator appears, or if the voltages from your 
instrument appear erratic, replace the battery at 
once. (See the Checking and Changing Your GLOBE 


Sun Photometer Battery Lab Guide for Instructions.) 


Replacing the battery will not change the calibration 
of your instrument and measurements made with 
the old battery will be OK as long as you replace 
the old battery before its voltage falls below 7.5 V. 
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Checking and Changing Your 
GLOBE Sun Photometer Battery 


Lab Guide 


Task 
Check the battery in the sun photometer and replace it if necessary. 


What You Need 
О Small Phillips-head screwdriver Û Any standard, new 9 V battery if the old battery 
needs replacing (rechargeable batteries are not 
Û Voltmeter recommended for this instrument) 
In the Lab 


1. Open the case by removing the four screws in the cover. 
Do not remove the printed circuit board or disturb the electronics in any way. 
Do not touch the front surface of the LED detectors (the round green and red devices on the 
front of the printed circuit board). 


With the instrument turned on, use a voltmeter to measure the voltage across the two 
connectors on the battery holder. 

Note that new 9-volt batteries typically produce voltages greater than 9 V, and can even 
produce voltages in excess of 10 V. 


ә 


e 


If the voltage is less than 7.5 V, replace the battery. Any standard 9 V battery is OK. Alkaline 
batteries are more expensive than other types and are not required. Note that the connectors 
on the + and -terminals are different, so the battery will fit in its holder only one way. 
Rechargeable batteries are not recommended for this instrument. 


4. When you are done, check the operation of your sun photometer by letting sunlight shine on 
the LED detectors. You do not have to replace the cover while you are performing this test. 
Whenever an LED is not shadowed, you should see a voltage substantially larger than the 
“dark” voltage. 


[Si 


. When you are sure the photometer is working, replace the cover. If your sun photometer hasa 
foam strip on the lid, make sure the cover is oriented so this strip pushes against the top of the 
printed circuit board. Tighten the screws until they are snug, but do not force them. 
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If you want to convince yourself that replacing 
the battery has not changed the calibration of your 
instrument, wait for a clear day. Make a few 
measurements right before and right after you 
change the battery. These measurements should 
be consistent as long as the old battery voltage 
was not significantly less than 7.5 V. 


Student Preparation 


1. Prior to implementing this protocol, it will 
be helpful to spend a few minutes in your 
classroom or lab practicing how to use a 
digital voltmeter. When the voltmeter is 
connected to a circuit that is not 
producing a voltage signal, the digital 
display may indicate the presence of a 
small voltage (perhaps a few millivolts). 
This is normal operation, but it may be 
confusing to students who are expecting 
to see a voltage of 0.0 V. (Note: If your 

sun photometer has a built-in voltmeter, 
you do not need a separate digital 

d voltmeter to take measurements. However, 

NN if you have a separate digital voltmeter, 
this is still a useful activity.) 

2. In order to calculate aerosol optical 
thickness from your measurements, 
GLOBE must know the true barometric 
pressure (the station pressure) at your site 
when you took your measurements. The 
preferred source for local barometric 
pressure is an online or broadcast weather 
source for your area (such as the National 
Weather Service in the U.S.). See the 
Optional Barometric Pressure Protocol. 
Locating such a source should be part of 
student preparation for this protocol. If an 
online source is not available, there are 
other options discussed in Getting Ready to 
Tahe Measurements, below. Almost always, 
barometric pressure is reported adjusted 
to what it would be at sea level. This 
enables meteorologists to draw weather 
Inaps over terrain with varying elevation. 
GLOBE uses the elevation data from your 
site definition to adjust the sea level 

pressure you report to the station pressure 
needed to calculate AOT. 


f 


3. Current air temperature and relative 
humidity are also helpful supporting 
information for this protocol. Have 
students practice these measurements as 
well. See the Digital Multi-Day Max/Min 
Current Temperature Protocol Field Guide, 
steps 1-5 of the Maximum, Minimum and 
Current Temperature Protocol Field Guide, 
steps 1-4 of the Digital Single-Day 
Maximum and Minimum Temperature 
Protocol Field Guide or the Current Air 
Temperature Protocol Field Guide and the 
Relative Humidity Protocol. 

4. The presence of thin, high (cirrus) clouds 
in front of the sun will affect sun 
photometer readings. This is why it is 
important that students gain some 
experience in identifying clouds, especially 
cirrus clouds, as described in the Cloud 
Protocols. 

. It is especially important to take sun 
photometer measurements in the 
prescribed way and under acceptable sky 
conditions. A Classroom Preparation Guide 
is provided to help you prepare. It 
describes in detail the steps required to 
take and record a measurement, along 
with the reasons for each step. It parallels 
the Field Guide that simply lists the steps 
in order without explanation. As part of 
their preparation for this protocol, 
students should study the Classroom 
Preparation Guide to make sure they 
understand the critical parts of each step. 


Questions for Further Investigation 


To what extent is AOT related to other 
atmospheric variables — temperature, cloud type 
and cover, precipitation, relative humidity, 
barometric pressure, and ozone concentration? 


il 


How does AOT relate to the appearance of a 
distant landmark or to the color of the sky? 


Does AOT vary with site elevation? If so, how? 


How does AOT vary as surroundings change from 
urban to rural? 


How does AOT vary with the seasons? 
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Aerosols Protocol 


Classroom Preparation Guide 


Task 


Record the maximum voltage reading that can be obtained by pointing your photometer at the sun. 
Record the precise time of your measurement. 


Observe and record cloud conditions, current air temperature, and relative humidity. 


What You Need 
О Calibrated and aligned GLOBE sun U Barometer (optional) 
photometer О Thermometer 


О Digital voltmeter (if your sun photometer 


ae О Hygrometer or sling psychrometer 
does not have a built-in voltmeter) Ув 8 Psy 


O Fi ides for cloud, relati idi 
Watch, preferably digital or GPS receiver aad MES or cloud, relative humidity 
and one air temperature protocol 
Û Aerosols Data Sheet 
Q Pencil or pen 


О GLOBE Cloud Chart 


Getting Ready To Take Measurements 

In order for the Science Team to interpret measurements made with your sun photometer, you must 
provide the longitude, latitude, and elevation of your observing site, as required for other GLOBE 
measurements. You do this once, when you define an Atmosphere Study Site. Other values and 
observations must be provided along with each measurement, as shown on the data entry form. The 
purpose of this section is to give you the information you need to complete the data entry. 

Time 

It is important to report accurately the time at which you take a measurement because the Science 
Team needs to calculate solar position at your site and that calculation depends on time. The GLOBE 
standard for reporting time is UT, which can be calculated from local clock time based on your time 
zone and the time of year. For this protocol, it is absolutely essential to convert local time to UT 
correctly; be especially careful when your local time is summer (*daylight savings") time. For example, 
you must add 5 hours to convert Eastern Standard Time to UT, but only 4 hours to convert Eastern 
Daylight Time to UT. 


Time should be reported at least to the nearest 30 seconds. A digital watch or clock is easier to use 
than an analog one, but in either case you must set your timepiece against a reliable standard. The 
time accuracy requirements for this protocol are stricter than for the other GLOBE protocols. However, 
it is not difficult to set your clock or watch to meet this standard. You can get time online at 
Www.time.gov. In many places, you can get an automated local time report by phone from a local 
radio or TV station. Your GPS receiver will report UT. In some places, you can buy a clock that sets 
itself automatically by detecting radio signals from a government-sponsored official time source. (In 
the U.S., for example, this so-called “atomic clock" signal is broadcast over station WWBV.) 


It might be tempting to use the time stored in your computer as a standard. However, this is not a 
good idea, as (perhaps surprisingly) computer clocks are often not very accurate, and they must be set 
periodically according to a reliable standard. Note that some computer operating systems will 
automatically switch your computer clock back and forth between standard and summer (*daylight 


GLOBE" 2003 ‘Aerosols Protocol - 7 Atmosphere 


Aerosols Protocol Classroom Preparation Guide — Page 2 


savings") time. You should be aware of when this change occurs if you need to manually convert time | 


from your local clock time to UT. 


The preferred time of day for reporting sun photometer measurements at most latitudes, during most 
of the year, is mid-morning. However, it is acceptable to take these measurements any time during the 
day between mid-morning and mid-afternoon. No matter what time you take measurements, be sure 
to report UT as accurately as possible, as noted above. The Science Team understands that it may be 
most convenient to take these measurements at the same time you collect your other atmospheric 
data. Measurements should be made at a relative air mass of no more than 2 whenever possible. (Refer 
to the Learning Activity that discusses relative air mass. A relative air mass of 2 corresponds to a solar 
elevation angle of 30 degrees.) During the winter in temperate and higher latitudes, the relative air 
mass at your location may always be greater than 2. You can still take measurements, but you should 


take them as close to solar noon as possible. 


If you are taking sun photometer measurements in support of ground validation activities for Earth- 
observing spacecraft, then the measurement times will be based on the times of spacecraft overflights 


of your observing site. 


Sky Conditions 

When you record sun photometer measurements, you should also record other information about the 
sky, including cloud cover and cloud type, sky color, and your own assessment of how clear or hazy 
the sky is. 


Sky color and clarity are subjective measurements but, with practice, you can learn to be consistent in 
your own observations. For example, you can easily learn to recognize the bright blue clear sky associated 
with low aerosol optical thickness. As the aerosol concentration increases, the sky color changes to a 
lighter blue color. It may appear milky rather than clear. In some places, especially in and near urban areas, 
the sky can have a brownish or yellowish tint due to air pollution (primarily particulates and NO,). 


When there are obvious reasons for high values of aerosol optical thickness, the Science Team needs to 
know about them. This is why you are also asked to comment about why you think the sky is hazy. It 
could be due to urban air pollution, a volcanic eruption, or dust from agricultural activity, for example. 


Sun photometer measurements can be interpreted properly only when the sun is not obscured by 
clouds. This does not mean that the sky must by completely clear, but only that there must be no 
clouds in the vicinity of the sun. This is not necessarily a simple decision. It is easy to determine 
whether low- and mid-altitude clouds are near the sun, but cirrus clouds pose a more difficult problem. 
These clouds are often thin and may not appear to block a significant amount of sunlight. However, 
even very thin cirrus clouds can affect sun photometer measurements. For this reason, if you observe 
cirrus clouds earlier or later in the day relative to when you Teport measurements, you should note 
this fact on your data entry form. 


To get a better idea of where cloud boundaries are, you can observe the sky through orange or red 


sunglasses, or through a sheet of translucent orange or red plastic. These colors filter out blue skylight 
and make clouds more distinct. 


Never look directly at the sun, even through colored sunglasses or plastic sheets! This can 
damage your eyes. 
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Fog i5 another potential problem. It can make things look hazy. But fog (a stratus cloud at ground 
level) is not the same a5 atmospheric haze from aerosols. Conditions where the sun is shining through 
even light fog are unsuitable for taking sun photometer measurements. In many locations fog dissipates 
before mid-morning, so it will not affect your measurements. 


Whenever you try to determine sky conditions before taking sun photometer measurements, you 
must block the sun itself with a book, a sheet of paper, a building or tree, or some other object. A 
sensible rule is that if you can see any shadows at all on the ground, you should not try to look at the 
sun. If in doubt, or if you believe you cannot determine sky conditions near the sun, do not take a 


measurement! 


Temperature 

The electronics in your GLOBE sun photometer, and especially its LED detectors, are temperature- 
sensitive. This means that the output will change under the same sunlight conditions as the sun 
photometer warms and cools. Therefore, it is important to maintain your sun photometer at 
approximately room temperature. To alert the Science Team to potential problems with temperature, 
we ask that you report air temperature along with your sun photometer measurements. 


If you are taking sun photometer measurements at the same time you record temperature data from 
your weather station, you can use that current temperature. Otherwise, you must measure the air 
temperature separately. The preferred way to obtain air temperature values is to take them following 
the GLOBE Temperature Protocols using a thermometer that meets GLOBE standards mounted in an 
appropriate weather shelter. Alternatively, a value can be obtained from an online source or from a 
thermometer that does not necessarily meet GLOBE standards. Non-GLOBE temperature values should 
be reported as metadata on the Data Sheet, and not in the air temperature field. 


Interms of instrument performance, the relevant temperature is not necessarily the outside temperature, 
but air temperature inside your sun photometer’ case. Newer GLOBE sun photometers include a 
built-in sensor that monitors air temperature inside the instrument, near the LED detectors. These 
instruments have a rotary switch on the top of the case rather than a green/red channel toggle switch. 
If your sun photometer includes this feature, there is a place to report case temperature on the Data 
Sheet. The temperature, in degrees Celsius, is 100 times the voltage displayed on the voltmeter when 
the *T" channel is selected. For example, a voltage reading of 0.225 V corresponds to a temperature of 
22.5° C. Ideally, this temperature should be in the low 205. 


There are some steps you should take to minimize temperature sensitivity problems. Keep your sun 
photometer inside, at room temperature, and bring it outside only when you are ready to take a 
Measurement. In the winter, transport it to your observing site under your coat, for example, to keep 
it warm. In very hot or very cold weather, you can wrap the instrument in an insulating material such 
asan insulated sandwich bag, a towel, or pieces of plastic foam. In the summer, keep your instrument 
shielded from direct sunlight whenever you are not actually taking a measurement. You should practice 
taking and recording measurements so that an entire set of voltage measurements should take no 
more than two or three minutes. 


Relative Humidity 


Relative humidity is a useful addition to the Aerosols Protocol metadata because high (or low) values of 
relative humidity are often associated with high (or low) aerosol optical thickness values. There is a 
Relative Humidity Protocol available for this measurement, which requires a digital hygrometer or sling 
psychrometer, but it is also OK to use an online or broadcast value from within an hour of your sun 
photometer measurements. Online values should only be reported as comments while values you 
obtain following the Relative Humidity Protocol are valid GLOBE data and may be reported as such. 
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Barometric Pressure 

Unlike the previous values described in this section, the station pressure at your observing site is required 
in order to calculate aerosol optical thickness. Unless your site is very close to sea level, the barometri 
pressure reported on weather broadcasts, in your local newspaper, and on the Web is not station pressure, 
Why? Because in such reports, the true barometric pressure has been adjusted to what it would be at sey 
level. This enables meteorologists to construct pressure maps that show the movement of air masses over | 
large areas, independent of the varying elevation of the ground. Barometric pressure decreases roughly | | 
mbar for every 10 meters of increased elevation. (See Figure АТ-1-1 and the Optional Barometric Pressun | 
Protocol.) 


As noted above, the preferred source of barometric pressure is an online or broadcast value for your area, | 


A second option is to leave the barometric pressure field blank. In this case, GLOBE will fill in the | 
barometric pressure using a computer-generated model value. If you have calibrated your classroom 
barometer on a regular basis so that it gives sea level pressure and have confidence in that calibration, you 
may report a reading from your barometer. However, typical classroom aneroid barometers must be 
calibrated regularly as described in the Optional Barometric Pressure Protocol. At higher elevations, it may | 
not be possible to calibrate your classroom barometer to give an equivalent sea level value. 


In the Field 


It is much easier for two people to take and record measurements than for one person working alone. If 
you can work as a team, divide up the tasks and go through several practice runs before you start recording | 
real measurements. 


1. Connect a digital voltmeter to the output jacks of your sun photometer. 
If your sun photometer has a built-in digital voltmeter, you can skip this step. If you need a 
separate voltmeter, do not use an analog voltmeter, which cannot be read accurately enough to be 
suitable for this task. Be sure to put the red lead in the red jack and the black lead in the black jack. 


2. Turn the digital voltmeter and sun photometer on. 


If your sun photometer has a built-in digital voltmeter, the same switch turns on both the meter 
and the sun photometer and you do not need to worry about selecting an appropriate voltage 
range. 


If you are using an external voltmeter, select an appropriate DC volts range. Be careful not to use 
an AC volts setting. The appropriate range setting depends on your voltmeter. If it has a 2 V 
(volts) or 2000 mV (millivolts) setting, try that first. If your photometer produces more than 2 V 
use the next higher range, often 20 V. Some voltmeters 
have auto-ranging capability, which means that there is 
only one DC volts setting and the voltmeter automatically 
selects an appropriate voltage range. If you are using an 
auto-ranging voltmeter, make sure you understand how 
to read voltages in this range. 


Note that if a digital voltmeter is connected to your sun 
photometer when the photometer is turned off, you will 
get unpredictable readings on the voltmeter, rather than 
the value of 0 V you might expect. This is normal 
behavior for digital voltmeters. Erratic voltage readings 
will also occur if the battery in your sun photometer is 
too low to power the electronics. When you turn your 
sun photometer on, and it is working properly, the 
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voltmeter should produce a stable reading of no more than a few millivolts indoors or if the sun is 

not shining on à detector, or a value in the range of roughly 0.5-2 V when sunlight is shining on 
the detector. 

3, If your sun photometer has a rotary switch on the top of the case, select the ^T" setting and record 
the voltage. 
Multiply the voltage reading times 100 and record this value. 


4. Select the green channel on your sun photometer (because the GLOBE data entry page asks for the 
green channel first). 


5. Hold the instrument in front of you about chest-high or, if possible, sit down and brace the 
instrument against your knees, a chair back, railing, or some other fixed object. Find the spot 
made by the sun as it shines through the front alignment bracket. 


Here is an important safety rule: 
Under no circumstances should you hold the sun photometer at eye level and try to “sight” 


along the alignment brackets! 


Adjust the pointing of your instrument until the spot of sunlight shining through the front 
alignment bracket shines on the rear alignment bracket. 


6. Adjust the pointing until the sunlight spot is centered over the appropriate colored dot on the rear 
alignment bracket. Record this value on your Data Sheet. 


Your sun photometer case will have either one or two round holes on the front of the case. If it has 
one hole, the rear alignment bracket will have two colored alignment dots - one green and one 
red. The sunlight spot must be centered around the green dot when you are taking green-channel 
measurements and around the red dot if you are taking red-channel measurements. If your sun 
photometer has two holes, the rear alignment bracket will have one blue alignment dot. The 
sunlight spot must be centered around this dot regardless of whether you are taking green- or red- 


channel measurements. 


When you adjust the pointing of your photometer 50 that the sunlight spot is centered around the 
alignment dot, the sunlight shining through the aperture hole(s) on the front of the case is 
centered over the LED detector(s) inside the case. It takes a little practice to learn how to center 
the sunlight spot over the alignment dot. Be sure the pointing is stable before you record voltages. 
It may help to steady your instrument against a chair, post, or other stationary object. The entire 
measurement process should not take more than 15 or 20 seconds for each reading of each 
channel. Be sure to record all the digits displayed on your voltmeter. 


Unless the sky is very hazy, or unless you are taking measurements late in the afternoon or early in 
the morning, the voltage should increase to more than 0.5 V. If you are using an auto-ranging 
voltmeter, the range will change automatically when you point your photometer directly at the sun 
(from a range appropriate for displaying the dark voltage to a range appropriate for displaying the 
sunlight voltage). 


Small movements of the sun photometer will cause the voltage to vary by a few millivolts. Even 
when your sun photometer is completely still and properly aligned with the sun, the voltage will 
still vary a little. This is due to fluctuations in the atmosphere itself. The hazier the atmosphere, 
the larger these fluctuations. Do not try to average the voltmeter readings. It is important to record 
only the maximum voltage you obtain during а few seconds of measurement time, starting only 
after the pointing of your instrument has been stabilized. There is à slight time delay between the 
time when the voltage output from your instrument changes and when that change is reflected in 
the digital reading. With a little practice, you can learn to compensate for this time delay. 


GLOBE” 2003 ‘Aerosols Protocol - 11 Atmosphere 


Aerosols Protocol Classroom Preparation Guide — Page 6 


he 


10. 


ШШК 


12. 


13. 


14. 
15: 
16. 


Record the time at which you observed the maximum voltage as accurately and precisely as 
possible. An accuracy of 15-30 seconds is required. 


. While still pointing your sun photometer at the sun, cover the aperture with your finger to 


block all light from entering the case. Take a voltage reading and record this dark voltage 
reading on your Data Sheet. 

Note that the dark voltage must be reported as volts rather than millivolts, regardless of the 
range setting of your digital voltmeter. It is critical to report both the dark voltage and sunlight 
voltage in units of volts. It is important to record the dark voltage accurately, reporting all the 
digits displayed on your voltmeter. The dark voltage should be less than .020 V (20 mV). 
Depending on the characteristics of your instrument and the range setting of your voltmeter, the 
dark voltage may display as 0 V If so, report 0.000 V for the dark voltage. 


. Select the other channel (the red one, assuming you have started with the green channel) and 


repeat steps 6-8. 

After you gain experience with your sun photometer, it will be unnecessary to repeat step 8 after 
every sunlight voltage measurement. Indeed, the dark voltages should not change during a set of 
measurements. If this value changes by more than a millivolt or so, it means that your 
instrument is getting too hot or cold during the measurement and you need to develop a 
measurement strategy that prevents this from happening. 


Repeat steps 4-9 at least twice and no more than four times. 


This will give you between three and five pairs of green/red measurements in all. It is a good 
idea to be consistent about the order in which you record measurements; you should record 
green, red, green, red, green, red, green, red, green, red. 


The time between measurements is not critical as long as you record the time accurately. 
However, as noted above, you should try to minimize the total time required to collect a set of 
measurements. Remember that your measurements will not be accurate if your sun photometer 
is significantly colder or warmer than room temperature. 


If your sun photometer has a rotary switch on the top of the case, select the "T" setting and 
record the voltage. 


Multiply the voltage reading times 100 and record this value. 


Turn off both the sun photometer and the voltmeter (if your instrument does not have a built-in 
digital voltmeter). 


You can disconnect a separate voltmeter or leave it plugged into the output jacks, depending on 
whether your class uses the voltmeter for other purposes. 


Note any clouds in the vicinity of the sun in the Comments section of the Aerosols Data Sheet. Be 
sure to note the type of clouds by using the GLOBE Cloud Chart. 


Do the Cloud Protocols and record your observations on the Aerosols Data Sheet. 
Do the Relative Humidity Protocol and record your observations on the Aerosols Data Sheet. 


Read and record the current temperature to the nearest 0.5° С following one of the air 
temperature protocols. 


There are four Field Guides from which to choose listed in the Student Preparation Guide. Be 
careful not to touch or breathe on the thermometer. 


17. Complete the rest of the Aerosols Data Sheet. This may be done back in the classroom. 
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Field Guide 


Task 
Record the maximum voltage reading that can be obtained by pointing your photometer at the sun. 


Record the precise time of your measurement. 


Observe and record cloud conditions, current air temperature, and relative humidity 


What You Need 


O Calibrated and aligned 
GLOBE sun photometer Barometer (optional) 
O Digital voltmeter O Thermometer 

Q Hygrometer or sling psychrometer 


Q Watch, preferably digital or GPS receiver 
T Field Guides for cloud, relative humidity 


T Aerosols Data Sheet and one air temperature protocol 
Q GLOBE Cloud Chart О Pencil or pen 
In the Field 


1. Connect a digital voltmeter to the output jacks of your sun photometer. (Skip this step if your 

sun photometer has a built-in digital voltmeter.) 

Turn the digital voltmeter and sun photometer on. 

. If your sun photometer has a rotary switch on the top of the case, select the “T” setting and 

record 100 times this voltage. 

Select the green channel. 

Face the sun and point the sun photometer at the sun. (Do not look directly at the sun!) 

_ Adjust the pointing until you see the maximum voltage in your digital voltmeter. Record this 
value on your Data Sheet. 

. Record the time at which you observed the maximum voltage as accurately as possible, to the 
nearest 15 seconds. 

. While still pointing your sun photometer at the sun, cover the aperture with your finger to 
block all light from entering the case. Take a voltage reading and record this dark voltage 
reading on your Data Sheet. 

‚ Select the red channel (assuming you have started with the green channel) and repeat steps 6-8. 

10. Repeat steps 3-9 at least twice and not more than four times. 

11. If your sun photometer has a rotary switch on the top of the case, select the “T” setting and 

record 100 times this voltage. 

12. Turn off both the sun photometer and the voltmeter. 

13. Note any clouds in the vicinity of the sun in the comments (metadata) section. Be sure to note 

the types of clouds by using the GLOBE Cloud Chart. 

14. Do the Cloud Protocols and record your observations on the Aerosols Data Sheet. 

15. Do the Relative Humidity Protocol and record your observations on the Aerosols Data Sheet. 

16. Read and record the current temperature to the nearest 0.5° C following one of the air 

temperature protocols. 

17. Complete the rest of the Aerosols Data Sheet. 
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Frequently Asked Questions 

1. What is a sun photometer and what does 
it measure? 

A sun photometer is a type of light meter that 
measures the amount of sunlight. Most sun 
photometers measure the amount of sunlight for 
a narrow range of colors or wavelengths. All sun 
photometers should measure only the sunlight 
arriving directly from the sun and not the sunlight 
scattered from air molecules and aerosols. 
Therefore a sun photometer is pointed directly at 
the sun and the light is collected through a small 
aperture (hole or opening) that greatly restricts 
the amount of scattered sunlight that reaches the 
instrument’ detector(s). 


2. The GLOBE sun photometer uses a light- 
emitting diode (LED) as a sunlight detector. 
What is an LED? 

A light-emitting diode is a semiconductor device 
that emits light when an electrical current flows 
through it. The actual device is a tiny chip only a 
fraction of a millimeter in diameter. In the GLOBE 
sun photometer, this chip is housed in an epoxy 
housing about 5 mm in diameter. You can find 
these devices in a wide range of electronic 
instruments and consumer products. The physical 
process that causes LEDs to emit light also works 
the other way around: if light shines on an LED, 
it produces a very small current. The electronics 
in your sun photometer amplifies this current and 
converts it to a voltage. 


Generally, the wavelength of light detected by an 
LED is shorter than the wavelength of light 
emitted by the same LED. For example, certain 
ted LEDs are relatively good detectors of orange 
light. The LED in the GLOBE sun photometer 
emits green light with a peak value at about 565 
nm. It detects light with a peak at about 525 nm, 
which is a little farther toward the blue part of 
the light spectrum. 


3. What is the field of view of a sun 
photometer, and why is it important? 

The equation that describes theoretically how to 
interpret sun photometer measurements requires 
that the instrument should see only direct light 
from the sun = that is, light that follows a straight 
line path from the sun to the light detector. This 


requirement can be met only 
approximately in practice because all sun 
photometers will see some scattered light 
from the sky around the sun. 


The cone of light a sun photometer’ detector sees 
is called its field of view, and it is desirable to have 
this cone as narrow as possible. The GLOBE sun 
photometer’ field of view is about 2.5 degrees, 
which GLOBE scientists have concluded is a 
reasonable compromise between the theoretical 
ideal and practical considerations in building a 
handheld instrument. The basic trade-off is that 
the smaller the field of view, the harder the 
instrument is to point accurately at the sun. Very 
expensive sun photometers, with motors and 
electronics to align the detector with the sun, 
typically have fields of view of 1 degree or less. 
Studies have shown that the error introduced by 
somewhat larger fields of view is negligible for 
the conditions under which a GLOBE sun 
photometer should be used. 


4. How important is it to keep the sun 
photometer from getting hot or cold while 
I'm taking measurements? 

The LED detector in your sun photometer is 
temperature-sensitive, so its output is slightly 
influenced by its temperature. Therefore, it is very 
important to protect your instrument from getting 
too hot in the summer or too cold in the winter. 
In the summer, it is essential to keep the 
instrument case out of direct sunlight when you 
are not actually taking a measurement. In the 
winter, it is essential to keep the instrument warm 
— you can tuck it under your coat between 
measurements. 


Never leave your sun photometer outside for 
extended periods of time. The sun photometer 
case itself provides some protection from 
temperature changes that can affect the electronics 
inside. (This is why newer GLOBE sun 
photometers have a built-in temperature sensor 
to monitor the air temperature inside the case, 
near the detectors.) If you follow these precautions 
and take your measurements as quickly 25 
possible, then your measurements will be 
acceptable. 
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In extreme conditions (winter or summer), you 
should consider making an insulating housing for 
your sun photometer. You can use styrofoam or 
other foam plastic. Cut holes for the on/off switch 
and the sunlight aperture(s), and a channel for 
sunlight to get from the front alignment bracket 
to the target on the back bracket. The hole for a 
sunlight aperture should be no smaller in diameter 
than the thickness of the insulating material itself, 
and in no case should it be smaller than about 1 cm. 


5, [dropped my sun photometer. What 
should I do now? 

Fortunately, the components inside your sun 
photometer are virtually indestructible, so they 
should have survived being dropped. Check the 
case for cracks. Even if the case is cracked, you 
should still be OK. Just tape over the cracks — 
use something opaque, such as duct tape. Open 
the case and make sure that everything looks OK. 
In particular, make sure that the battery is still 
firmly attached to the terminals on the battery 
holder. 


Ifthe alignment brackets have moved or are loose 
as a result of the fall, then your sun photometer 
should be returned to the GLOBE Science Team 
for realignment and recalibration. 


6. How do I know if my sun photometer is 
working properly? 

When you turn your sun photometer on without 
pointing it at the sun, you should measure a 
voltage in the range of no more than 20 mV. On 
some instruments, dark voltages are less than 1 
mV, When you point your instrument directly at 
the sun, the voltage should increase to a value in 
the range of about 0.5-2.0 V. Only in very hazy 
conditions, late in the afternoon, or early in the 
morning, should you see a sunlight voltage less 
than 0.5 V. If you do not see the expected voltages, 
then your sun photometer is not working. 


The most likely reason for a sun photometer not 
to work is that the battery is too weak to power 
the electronics. If you suspect this is the case, then 
test the battery voltage and replace it according 
to the instructions given in Checking Your GLOBE 
Sun Photometer Battery. Remember that a dead or 
very low battery will not produce a sunlight 
voltage of 0 V, but will instead cause your 


voltmeter to display erratic values. If you still 
believe you have a problem, contact GLOBE for 
help. 


7. What does it mean to calibrate a sun 
photometer? 

A sun photometer is considered to be calibrated 
if its extraterrestrial constant is known. This is 
the voltage you would measure with your sun 
photometer if there were no atmosphere between 
you and the sun. As an exercise, you could think 
about pointing your sun photometer at the sun 
from the open cargo bay of the Space Shuttle as it 
orbits Earth above the atmosphere. The voltage 
you measure would be your instrument's 
extraterrestrial constant. This value depends 
primarily on the wavelength at which your sun 
photometer detects light and also on the distance 
between Earth and the sun. (This distance varies 
slightly because Earth follows a slightly elliptical, 
rather than a circular, path around the sun.) 


Note that if you really could use a sun photometer 
outside Earth's atmosphere, you would not have 
to worry about limiting the field of view. Why? 
Because outside the atmosphere there are no air 
molecules or aerosols to scatter sunlight. Hence, 
your sun photometer will see only direct sunlight. 


As a practical matter, sun photometers must be 
calibrated by inferring the extraterrestrial constant 
from measurements made at Earths surface. This 
is called the “Langley plot” method. These 
measurements are difficult to take at low elevation 
sites with variable weather. GLOBE sun 
photometers are calibrated against reference 
instruments that have been calibrated using 
measurements taken at Mauna Loa Observatory, 
which is widely accepted as one of the best 
locations for such work. 


It is an interesting project to make your own 
Langley plot calibrations and compare the results 
with the calibration assigned to your sun 
photometer. If you would like to do this, contact 
GLOBE for additional help. 


8. Can I make my own sun photometer? 

You can purchase a sun photometer kit. 
Constructing a sun photometer involves soldering 
some electronic components, which is a skill 
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students need to learn under supervision by 
someone who has done it before. You can start 
taking measurements as soon as you have 
assembled your instrument. However, at some 
point, you must send your sun photometer to the 
GLOBE Science Team for calibration before your 
data can be accepted into the GLOBE Data 
Archive. 


9. How often must I take sun photometer 
measurements? 

The protocol asks that you take measurements 
every day, weather permitting. In some parts of 
the world, it is possible to go many days without 
having weather suitable for taking these 
measurements. It is highly desirable to have a plan 
for taking measurements on weekends and during 
holiday breaks (especially during extended 
summer holidays). 


10. How can I tell whether the sky is clear 
enough to take sun photometer 
measurements? 

The basic rule is that the sun must not be blocked 
by clouds during a measurement. It is OK to have 
clouds near the sun. This can be a difficult 
decision, because you are never supposed to look 
directly at the sun. You can look at the sky near 
the sun by blocking the sun with a book or 
notebook. An even better idea is to use the comer 
of a building to block the sun. It is very helpful to 
wear sunglasses when you make these decisions 
because they protect your eyes from UV radiation. 
Orange-tinted sunglasses will help you see faint 
clouds that might otherwise be invisible. 


If you have concerns about a measurement, note 
them in the Comments section of the Aerosols Data 
Sheet when you report the measurement. Thin 
cirrus clouds are notoriously difficult to detect, 
but they can dramatically affect sun photometer 
measurements. If you see cirrus clouds in the 
hours before or after a measurement, be sure to 
include that in your sky description. 


11. What are aerosols? 

Aerosols are liquid or solid particles suspended 
in air. They range in size from a fraction of a 
micrometer to a few hundred micrometers. They 
include smoke, bacteria, salt, pollen, dust, various 
pollutants, ice, and tiny droplets of water. These 
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particles interact with and scatter sunlight. The 
degree to which they affect sunlight depends on 
the wavelength of the light and the size of the 
aerosols. This kind of particle-light interaction iş 
called Mie scattering, named after the German 
physicist Gustav Mie, who published the first 
detailed mathematical description of this 
phenomenon in the early part of the twentieth 
century. 


12. What is optical thickness? 

Optical thickness (or optical depth) describes how 
much light passes through a material. The amount 
of light transmitted can be quite small (less than 
a fraction of 1%) or very large (nearly 100%), The 
greater the optical thickness, the less light passes 
through the material. As applied to the 
atmosphere, aerosol optical thickness (AOT) 
describes the extent to which aerosols impede the 
direct transmission of sunlight of a certain 
wavelength through the atmosphere. In a very 
clear sky, AOT can have values of 0.05 (about 95% 
transmission) or less. Very hazy or smoky skies 
can have AOT values in excess of 1.0 (about 39% 
transmission). 


Percent transmission through the atmosphere is 
an alternate way to describe the same 
phenomenon. There is a simple relationship 
between AOT and transmission expressed as a 
percentage: 


transmission (96) = 100 x eA”) 


Refer to Table AT-AH-1 to see the percent 
transmission for several values of AOT. Any 
scientific calculator should have an e* function 
key. Try to reproduce one or more of the examples 
in this table to check if you understand how to 
use a calculator to convert AOT to percent 
transmission. 


13. What is Beers Law? 

August Beer was a nineteenth-century German 
physicist who worked in the field of optics. He 
developed the principle known as Beers Law, 
Which explains how the intensity of a beam of 
light is reduced as it passes through different 
media. Other nineteenth-century physicists also 
examined this law and applied it to the 
transmission of sunlight through the atmosphere. 
Hence, the equation used to describe how sum 
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hotometers work is usually referred to as the 
Beer/Lambert/Bouguer law. As applied to a sun 
photometer, Beers Law is 


Ү,= V(r/r ?ехр(-т [AOT + Rayleigh(p/p,)]} 


Where r/r, is Earth-sun distance in astronomical 
units, m is the relative air mass, AOT is the aerosol 
optical thickness, Rayleigh is the optical thickness 
due to Rayleigh scattering, and p/p, is the ratio of 
current atmospheric pressure to standard 
atmospheric pressure (1013.25 mbar). You need 
to be comfortable with exponential and 
logarithmic functions before you use this formula 
to make your own calculations of aerosol optical 
thickness. Also, you need to know your sun 
photometer’ calibration constants — one value of 
V, for each of the two channels – and the Rayleigh 
coefficients corresponding to each wavelength. If 
you would like to do this calculation on your own, 
you will need to obtain the calibration constants 
and Rayleigh coefficients from GLOBE. 


14. What is relative air mass (m)? 

Relative air mass (m) is a measure of the amount 
of atmosphere through which a beam of sunlight 
travels. At any location or elevation, the relative 
air mass is 1 when the Sun is directly overhead at 
solar noon. (Note: At any latitude greater than 
about 23.5 degrees, north or south, the sun is 
never directly overhead, so the sun can never be 
observed through a relative air mass of 1. 


A simplified formula for relative air mass is 
* 1 
~ sin (elevation) 


where “elevation” is the angle of the sun above 
the horizon. This calculation is sufficiently 
accurate for relative air masses up to about 2. 
Larger values require a more complicated formula 
that corrects for the curvature of Earths surface. 


15. What is Rayleigh scattering? 

Molecules of air scatter sunlight. Air molecules 
Scatter ultraviolet and blue wavelengths much 
More efficiently than red and infrared 
wavelengths. (This is why the sky is blue.) This 
Process was first described in the nineteenth 
century by the Nobel-prize-winning British 


physicist John William Strutt, the third Baron 
Rayleigh. 


16. How accurate are aerosol measurements 
made with the GLOBE sun photometer? 

The accuracy of sun photometer measurements 
has been studied for decades by atmospheric 
scientists, and it remains a topic of some debate. 
There are some inherent limitations to measuring 
atmospheric aerosols from Earth's surface, and 
there are also some limitations imposed by the 
design of the GLOBE sun photometer. 


Measurements made carefully according to the 
protocols should be accurate to within less than 
about 0.02 AOT units. For very clear skies, with 
AOT values of perhaps less than 0.05, this is a 
significant percentage error. However, even 
operational “professional” sun photometers claim 
accuracies of no better than 0.01 AOT units. Thus, 
the accuracy of measurements made carefully with 
a GLOBE sun photometer are comparable to 
measurements made with other sun photometers. 


Unlike some other GLOBE measurements, there 
is no easily accessible standard against which to 
check the accuracy of AOT calculations. GLOBE 
aerosol measurements will be subjected to scrutiny 
by the GLOBE Science Team and others for the 
foreseeable future. Nevertheless, it is fair to say 
that GLOBE aerosol measurements can achieve a 
level of accuracy that can be extremely useful to 
the atmospheric science community. 


17. Will scientists really be interested in my 
aerosol measurements? 

The answer to this question is an only slightly 
qualified “Yes.” Comparatively few sun 
photometers are in use around the world. Since 
recent studies have shown that aerosols can block 
considerable sunlight, thus causing a cooling effect 
on Earth’ climate, there is renewed interest in sun 
photometer measurements. Upcoming Earth- 
monitoring satellite missions will focus on global 
characteristics of the atmosphere and its 
constituents. It is essential that reliable ground- 
based data measurements be available to calibrate 
satellite instruments and validate their 
measurements. 


GLOBE schools provide the potential to establish 
a global aerosol monitoring network that is 
otherwise unattainable. On a regional scale, there 
is essentially no comprehensive monitoring of 
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aerosols produced naturally by water vapor, 
naturally occurring forest and brush fires, dust, 
pollen, gases emitted by plants and trees, sea salt, 
and volcanic eruptions. The same is true for 
monitoring aerosols produced by automobile 
emissions, coal-burning power plants, intentional 
burning of forests and rangelands, certain 
industrial and mining operations, and dust from 
unpaved roads and agricultural fields. Again, 
GLOBE schools provide the potential for 
addressing these topics. 


Here's the qualification to the "Yes." In most 
situations, aerosol measurements must be taken 
in the same place for many months, and even for 
years, in order to have lasting scientific interest. 
Itis sometimes difficult to keep in mind the long- 
term value of taking the same measurements day 
after day. (This is not just a problem for aerosol 
measurements, of course.) In the case of aerosols, 
persistence is especially important due to the long 
time scales required to observe and analyze 
significant changes in the atmosphere. 


What about ground validation measurements for 
space-based measurements? In this case, even a 
few accurate ground-based measurements can be 
valuable. However, it is still important to establish 
as long a data collection record as possible. This 
will give scientists confidence in your work, and 
will establish an aerosol *baseline" for your 
observing site, against which to evaluate unusual 
conditions when they occur. 


So, the conclusion is: If you follow the protocols 
and provide careful measurements (especially 
during the summer), then there is no doubt that 
scientists will value your contribution now and 
in the future. 
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Looking At the Data 


Are the data reasonable? 


Perhaps your first thought about determining 
whether your data are reasonable would be to 
consider the voltages measured using your sun 
photometer. This is not as easy as it might seem! 
Asun photometer converts light from the sun to 
a voltage; this is what you measure and report to 
GLOBE. The relationship between the intensity 
of the light and the voltage produced is 
determined by the sensitivity of the detectors in 
your sun photometer (a green or red light emitting 
diode) and the gain provided by your sun 
photometers battery-powered amplifier. This 
relationship is different for every GLOBE sun 
photometer, 50 each instrument has its own 
calibration constants (one for each of the two 
channels) that allow aerosol optical thickness to 
be calculated from the voltages you report. 


The GLOBE sun photometer produces a small 
output voltage even when the sun is not shining 
on the detector. This “dark voltage,” should be 
small, but how small? GLOBE performs some 
range checks on both the sunlight and dark 
voltages. However, reasonable voltages fall within 
a wide range of values. In some cases, your sun 
photometers dark voltage may be only a few 
tenths of a millivolt. If so, it may display as 0 when 
you are using a 2 V (or 2000 mV) range setting 
on your digital voltmeter. 


So, it is not easy to predict what “reasonable” 
voltages are for your sun photometer. However, 
after you have done the Aerosol Protocol a few 
times, you will get a good sense of what dark 
voltages your instrument produces and what 
sunlight voltages to expect under certain sky 
conditions. Remember that, generally, these ranges 
will be different for the green and red channels 
because of the differences in the detector responses 
and electronics. 


Itis much easier to determine whether the aerosol 
optical thicknesses calculated from your 
m 

easurements at green and red wavelengths are 


reasonable. Table AT-AE-2 gives some typical 
ranges for aerosol optical thickness (AOT). 


Table AT-AE-2 


Sky condition — Green channel Red channel 
Extremely clear 0.03-0.05 0.02-0.03 
Clear 0.05-0.10 0.03-0.07 
Somewhat hazy 0.10-0.25 0.07-0.20 
Hazy 0.25-0.5 0.02-0.40 
Extremely hazy >0.5 >0.4 


The relationship between these numerical values 
and the sky clarity description (required as part 
of your data reporting) are only approximate, and 
may vary depending on local conditions. 


Note that red AOT values are typically less than 
green AOT values. This is due to the fact that 
typical aerosols scatter green light more efficiently 
than red light. (The larger the AOT, the more light 
is being scattered away from the direct beam of 
sunlight that reaches your sun photometer's 
detector.) If the red AOT is larger than the green, 
it is not necessarily wrong, but it is an unusual 
enough occurrence that it should trigger a closer 
examination of the conditions under which the 
measurements were taken. 


What do scientists look for in these 
data? 

As noted above, green AOT values are usually 
higher than red AOT values. When the Science 
Team looks at your data, they will check that the 
relationship between the two channels appears 
reasonable. 


The Aerosols Protocol requires that you report at 
least three sets of sun photometer measurements 
taken within the span ofa few minutes. Assuming 
that you are pointing your sun photometer 
carefully and consistently toward the sun, 
differences among the three voltages for each 
channel are a measure only of the variations in 
the atmosphere at the time you are taking your 
measurements. If the differences are large, it may 
mean that clouds are drifting across the sun while 
you are taking measurements. 
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Scientists will also look carefully at cloud cover 
and type reports and will compare the AOT values 
calculated from the voltage measurements with 
reports of sky color and clarity. Cirrus clouds are 
of particular concern, as they can greatly reduce 
the transmission of sunlight even when they are 
almost invisible. 


AOT tends to vary seasonally. Warm and humid 
days in temperate and equatorial climates can 
produce photochemical smog, especially in urban 
areas. Consequently, AOT tends to be higher in 
the summer than in the winter. This seasonal cycle 
can be difficult to find in GLOBE data, as many 
GLOBE schools do not report data during summer 
vacations. Figure AT-AE-1 shows some aerosol 
data from East Lincoln High School, Denver, NC, 
USA. Students made some measurements through 
the spring of 2000 and another class restarted 
the measurement program in the fall of 2000. 
Some of the values (especially the very low values) 
appear to be in error. Although it appears to be 
the case that warm weather produces higher AOT 
values, the lack of summertime measurements 
means that this conclusion cannot teally be 
supported by these limited data. 


Note also in Figure AT-AE-1 that there are some 
very high AOT values recorded in 1999. There 
are several possible explanations for these values. 
One possibility is, of course, that these data 
Tepresent actual very hazy conditions. Another 
possibility is that students were initially unfamiliar 
with the sun photometer and recorded sunlight 
voltages that were too low (which will lead to 
AOT values that are too high). A third possibility 
is that there were some clouds between the 
observer and the sun. The AOT values themselves 
do not help us choose among these possibilities, 
The additional information scientists need to 
make decisions about the quality of sun 
photometer measurements can be obtained only 
by looking at all the measurements and their 
accompanying metadata, 


One of the most exciting opportunities for 
students working with the Aerosols Protocol is to 
compare their measurements with other ground- 
and satellite-based measurements. Such 
comparisons can serve both as a check on GLOBE 


measurements and on the performance of other 
sun photometers. One source of aerosol data is 
the Aerosol Robotic Network (АЕКОМЕТ), 
managed by NASA's Goddard Space Flight Center, 
This ground-based network has about 100 sun 
photometers in operation at various locations 
around the world. The AERONET sun 
photometers are automated, solar-powered 
instruments. Their advantage is that they can 
Operate unattended even in remote locations, 
broadcasting the results of their pre-programmed 
measurements to satellites, which then beam data 
to a central ground station for processing, The 
primary disadvantage of these automated devices 
is that there is no human observer to make 
decisions about whether a sun photometer 
measurement should be made at a particular time. 
Algorithms are applied to "screen" the 
measurements for cloud contamination. However, 
these algorithms are not perfect. They may, for 
example, suffer from the same lack of ability to 
distinguish thin cirrus clouds as ground-based 
observers. Thus, comparisons of automated and 
manual measurements provide a fascinating and 
extremely important check on the performance 
of both systems. 


Figure AT-AE-2 shows a comparison of GLOBE 
sun photometer data with data from AERONET sun 
photometers. (AERONET data are publicly available 
online.) AERONET makes measurements every 
few minutes throughout the day. The GLOBE data 
sometimes fall near the lower range of AERONET 
values within a day. A more detailed examination 
of these data with an expanded time scale (to look 
at individual days) would clarify the relationship 
between these two datasets; this would make an 
excellent student project. 


Figure AT-AE-3 shows comparisons between AOT 
values derived from the MODIS satellite and 
measurements made by students at East Lincoln 
High School, Denver, North Carolina, USA. (The 
MODIS data points are connected with solid lines, 
but this is only to make the data easier to follow; 
there is no reason to expect that missing MODIS 
data would fall along the lines.) Note that the 
GLOBE data again tend to cluster near the lower 
MODIS AOT values. 
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Figure AT-AE-3: Comparison of MODIS Data and GLOBE Sun Photometer Measurements Made at East Lincoln High 
School, Denver, NC, USA. 
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Some of the MODIS values in Figure AT-AE-3 
seem very high. Figure AT-AE-4 offers some 
insight into why this might be so. These 
measurements from Drexel University include the 
percentage of daytime cloud cover. Clearly, some 
ofthe very high MODIS AOT values are associated 
with cloudy days. Drexel University is located in 
an urban area with a mixture of water (two rivers 
flow through Philadelphia), residential and 
commercial urban development, and green space 
(a large park). This kind of complicated surface is 
the most difficult for data reduction algorithms 
to analyze and the results shown in Figure AT- 
AE-4 may indicate problems with cloud 
discrimination over complicated surfaces. 
Whatever the explanation, Figures AT-AE-3 and 
AT-AE-4 show clearly the importance of carefully 
reporting metadata that define the conditions 
under which sun photometer measurements are 
taken. 


When GLOBE student sun photometer 
measurements are taken carefully, data such as 
shown in Figures AT-AE-2, AT-AE-3 and AT-AE-4 
can provide valuable information for scientists 
who are involved in understanding the global 
distribution of aerosols. The ability of human 
observers to characterize the circumstances and 
quality of their measurements provides an 
opportunity that unattended and satellite-based 
instruments can never match. 


Locally, aerosol optical thickness can be influenced 
by air quality, season, relative humidity, natural 
and human-caused events such as volcanoes, 
forest fires and biomass burning, agricultural 
activity, windblown dust, and sea spray. All these 
connections provide many possible sources for 
student research projects. 
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Calculating Aerosol Optical Thickness (advanced students oniy ) 


When you report voltage measurements from your sun photometer to GLOBE, the aerosol optical 
thickness (AOT) is calculated and reported. This calculation is too complicated for most GLOBE students 
to do on their own. However, if you are familiar with logarithmic and exponential equations, you can 
calculate AOT yourself using the following formula: 

[In(V /R)) - (У - V.) - a (p/p,)m] 


AOT - = 


Where: 

In is the natural (base e) logarithm 

V. is the calibration constant for your sun photometer. Each channel (red and green) has its own 
constant, which you can obtain from the GLOBE Web site. 


R is the Earth-sun distance expressed in astronomical units (AU). The average Earth-sun distance is 1 
AU. This value varies over the course of a year because the Earth's orbit around the sun is not circular. 
An approximate formula for R is: 


(l-e) 
[1 + € cos (360° • d/365)] 


Where € is the eccentricity of the Earth’ orbit, approximately equal to 0.0167, and d is the day of the 
year. (Eccentricity is a measure of the amount by which the Earth’ orbit differs from a circle.) Note that 
this equation predicts that the minimum value for R occurs at the beginning of the year. The actual 
minimum Earth-sun distance occurs, in fact, in early January but not on January 1. 


V and V,,,, are the sunlight and dark voltage from your sun photometer. 


a, is the contribution to optical thickness of molecular (Rayleigh) scattering of light in the atmosphere. 
For the red channel a, is about 0.05793 and for the green channel it is about 0.13813. 


p is the station pressure (the actual barometric pressure) at the time of the measurement. 
p, is standard sea level atmospheric pressure (1013.25 millibars). 
m is the relative air mass. Its approximate value is: 


m= 1/sin(solar elevation angle) 


where solar elevation angle can be obtained from the Making a Sundial Learning Activity or by using à 
clinometer. І 


When GLOBE calculates AOT, it uses a series of equations to more accurately calculate the Earth-sun 
distance. For relative air mass, it uses those same astronomical equations to calculate solar positio? 
from your longitude and latitude and the time at which you took your measurement. Then it uses the 
calculated solar elevation angle to calculate relative air mass, using an equation that takes into account 


the curvature of Earth's atmosphere and the refraction (bending) of light rays as they pass through the 
atmosphere. 


As a consequence of using these more complicated equations, GLOBES AOT values will not agit 


exactly with the calculation described here. The smaller the AOT, the greater the difference is likely to 
be. Consider this example: 
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Date: July 7, 1999 

Sun photometer calibration constant (V ): 2.073 V 
Solar elevation angle: 41° 

Station pressure: 1016.0 millibars 

Dark voltage: 0.003 V 

Sunlight voltage: 1.389 V 

Sun photometer channel: green 

July 7, 2001, is the 188" day of the year, so: 

R = (1 - 0.01672/[1 + 0.0167 * cos(360* • 188/365)] = 1.0166 
The relative air mass is: 

m=1/sin(41°) = 1.5243 

Then, aerosol optical thickness is: 

AOT = [In(V /R)) - In(V - Vamo - a,(p/p,)m]/m 

In(V,) = In (2.073/1.01662*) = In(2.00585) = 0.6960 
1n(1.389-0.003) = In(1.386) = 0.3264 

a,(p/p,)m = (0.1381)(1016/1013.25). 5243) = 0.2111 
AOT = (0.6960 - 0.3264 - 0.2111)/1.5243 = 0.1040 


i 


GLOBES calculated AOT value for these data is 0.1039, a difference small enough to ignore for these 
measurements. 

In some situations, your AOT value may not agree this well with GLOBES value. For example, if the 
solar elevation angle you observe with your solar gnomon is different from the value calculated by 
GLOBE - then the relative air mass calculated from your Observed solar elevation angle will not be 
accurate. This will cause the AOT calculation to be in error. 

AOT can be expressed as the percent of sunlight at a particular wavelength that reaches the Earth's 
surface after passing through a relative air mass of 1. For this example with the green channel, 


% transmission = 100» eT = 100°% = 90.196 


GLOBE” 2003 ‘Aerosols Protocol - 25 Atmosphere 


auo23M 


uononpoajul 


s[02010Jd 


MADDY Sumea] 


Sol 


xipuaddy 


GLOBE* 2003 


Aerosols Protocol - 26 


Atmosphere 


ESI 


Water Vapor Protocol 


Purpose 
To measure the total precipitable water vapor 
(column water vapor) in the atmosphere above 


an observers site 


Overview 

Students point a GLOBE/GIFTS water vapor in- 
strument at the sun and record the voltage 
readings from a digital voltmeter. Students ob- 
serve sky conditions near the Sun and perform 
the Cloud Protocols. 


Student Outcomes 


Students understand the concept that the atmo- 
sphere prevents some of the suns light from 
| reaching Earth's surface, how water vapor mea- 
surements relate to the hydrologic cycle, and how 
greenhouse gases, such as water vapor, play an 
important role in weather and climate. 


Science Concepts 
Earth and Space Sciences 
Weather can be described by measurable 
quantities. 
Weather changes from day to day. 
Weather changes over the seasons. 
The atmosphere changes over time. 
Clouds formed by the condensation of 
water vapor affect weather and climate. 
Water circulates through the biosphere, 
lithosphere, atmosphere and hydrosphere 
(water cycle). 
Global patterns of atmospheric circulation 
influence local weather. 
Oceans have major effects on global climate. 
Solar insolation drives atmospheric and 
ocean circulation. 
Physical Sciences 
Light/radiation interacts with matter. 
The Sun is a major source of energy for 
changes on the Earths surface. 
Geography 
The concentration of water vapor varies 
significantly from place to place, and 
depends on latitude, climate, and 
elevation. 


Scientific Inquiry Abilities 

Use an instrument to measure atmospheric wa- 
ter vapor content. 

Identify answerable questions. 

Design and conduct scientific investigations. 
Use appropriate mathematics to analyze data. 
Develop descriptions and predictions using 
evidence. 

Recognize and analyze alternative explanations. 


Communicate procedures, descriptions, and 
predictions. 


Time 
15-30 minutes to collect data 


Level 
Middle and Secondary 


Frequency 
Every day, weather permitting 


Materials and Tools 

Calibrated GLOBE/GIFTS water vapor 
instrument 

Watch, preferably digital (or GPS receiver) 

GLOBE Cloud Chart 

Thermometer 

Digital hygrometer or sling psychrometer 
(optional) 

Barometer (optional) 

Water Vapor Data Sheet 


Preparation 
Determine online source for barometric pres- 
sure values (if not using GLOBE protocols). 


Prerequisites 
Cloud, Optional Barometric Pressure (optional), 
and Relative Humidity Protocols 


Ability to measure current air temperature 


Haziness and sky color observations as de- 
scribed in the Aerosols Protocol 
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Water Vapor Protocol ~ 
Introduction 


Background 


Water vapor in the atmosphere varies consider- 
ably in time and from place to place. These 
variations are related to both weather and climate. 
Clouds are formed from water vapor. Water va- 
por is the primary greenhouse gas that helps 
control temperatures in the lower atmosphere. The 
interactions of water vapor with other constitu- 
ents of the atmosphere are complex and global in 
Scope. 


Using the Relative Humidity Protocol, you measure 
the amount of water vapor near Earth’ surface, 
but how much water vapor is in the whole col- 
umn of air above you? Using this protocol enables 
you to answer this question. It also will help sci- 
entists answer these questions: 


How is water vapor distributed around the world? 
How does it vary over time? 


Are the total amount of water vapor in the atmo- 
sphere and its distribution changing? 


Changes in water vapor amount and distribution 
would affect cloud formation, weather, and cli- 
mate. 


Despite its importance, the global distribution and 
temporal variability of water vapor is not well 
known. As with other global measurements, sci- 
entists use satellite-based observing systems to 
study atmospheric water vapor. A primary moti- 
vation for conducting this protocol is to provide 
measurements to help support the GIFTS (Geo- 
synchronous Imaging Fourier Transform 
Spectrometer) instrument, part of NASA s New. Mil- 
lennium Program IOMI (Indian Ocean METOC 
Imager) spacecraft. GIFTS will observe weather 
patterns, atmospheric temperature, water vapor 
content and distribution, and the concentration 
of certain other atmospheric gases. From its geo- 
stationary orbit high above Earth, GIFTS will 
provide unprecedented detail about the spatial 
and temporal variability of these quantities, 


As helpful as satellite-based measurements are to 
an improved understanding of the global 
distribution of water vapor, ground-based mea- 
surements are still needed. For example, when 
GIFTS views the Earth/atmosphere system from 
space, its spatial resolution (one pixel) is about 
4 km x 4 km. At this level of resolution scientist; 
can track storm systems, since large systems have 
dimensions on the order of hundreds or thou- 
sands of kilometers. However, smaller scale 
phenomena, such as individual cumulus clouds, 
cannot be resolved. Ground-based measurements 
provide a way to study such small scale phenom- 
ena, complementing the satellite observations, 
Ground-based observations also help scientists by 
making possible comparisons of atmospheric 
properties calculated independently from satel- 
lite and ground-based data. 


Investigating Water Vapor 


By reporting water vapor measurements regularly, 
you provide scientists with some of the data they 
need to better understand the global distribution 
of water vapor, and you learn about the atmo- 
spheric water vapor that is over your own 
observing site. While all water vapor data are ben- 
eficial, data that can be compared directly with 
satellite-based measurements are especially valu- 
able. In some cases, ground-based measurements 
should be timed to coincide with the passage of 
Earth-observing satellites over your site. This is 
true for spacecraft in NASA s Earth Observing Sys- 
tem (EOS) program, for example, as they are in 
near-polar sunsynchronous orbits and pass over 
or near virtually all sites on Earths surface every 
day at specific and predictable times. 


Instruments such as GIFTS are in geostationary 
orbits around the equator. The altitude of these 
circular orbits (nearly 36,000 km above Earth’ 
surface) is chosen so that their orbital periods art 
equal to one day. If a satellite orbits in the equato- 
rial plane, it maintains a fixed position over the 
same place on Earths equator (hence the "geost- 
tionary” designation). Figure AT-WV-1 shows 4 
geostationary orbit. The diameter of the orbit is 
roughly to scale with the diameter of Earth. 


А vantage point above Earths equator allows 
Spacecraft instruments to take virtually continu- 
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ous measurements of a specific portion of Earth's 
surface and atmosphere. Some measurements re- 
quire the observed region to be in sunlight, but 
other measurements can be made at any time. If 
there is a geostationary satellite observing your 
region, it will almost always be useful to take 
ground-based measurements at any time during 
the day. Because of the seasonal variability of wa- 
ter vapor, it is important to build a water vapor 
data record that extends across several seasons. 
Long-term records are more valuable for scien- 
tists, and they will give youa better understanding 
of your own local environment. 


Figure AT-WV- 1: Satellite Orbiting Earth in 
Geostationery Orbit 
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Teacher Support 


Understanding Measurements of Water 
Vapor 

Imagine a column of atmosphere above an ob- 
serving site (see Figure AT-WV-2). This column 
will contain all the atmospheric constituents, in- 
cluding water vapor. Now imagine collecting all 
the water vapor in the column, transforming it 
into liquid form, and bringing it down to the 
ground. The thickness of the layer of water is typi- 
cally a few centimeters and is known as 
precipitable water (PW). The unit for expressing 
PW is cm (of water). 


One way of measuring water vapor is to examine 
how it affects the transmission of sunlight through 
the atmosphere. Water vapor (molecules of H,O 
in their gas phase) absorbs sunlight in specific 
wavelength bands, including two bands in the 
near-infrared part of the solar spectrum. This ab- 
sorption reduces the amount of sunlight reaching 
Earth’ surface at those wavelengths. 


Figure AT-WV-3 shows three sets of data. One is 
the distribution of solar energy as a function of 
wavelength just outside Earth's atmosphere. The 
second is the distribution of solar energy on Earth's 


Figure AT-WV-3: Radiation at the Top ofthe Atmosphere and at Earth's Surface, in the Near-IR part of the Solar 


Spectrum 


Figure AT-WV-2: Column Above Observer's Head 


"Top of Atmosphere" 


Column above 
observing site 


Imagine 


collecting all 
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surface assuming an atmosphere with no water 
vapor. The third is the distribution of solar en- 
ergy with a "standard atmosphere" containing an 
average amount of PW. As the amount of PW in- 
creases, the amount of solar energy reaching 
Earths surface at these wavelengths decreases. 


Now suppose that two detectors respond to sun- 
light at different wavelengths — one at a wavelength 
within a water vapor absorption band (at abou 
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940 nm) and one just outside this band (at about 
g70 nm). Assuming the position of the sun rela- 
tive to the observer doesn't change, the amount 
of light seen by the detector for the wavelength 
outside the band will not change if the amount of 
atmospheric water Vapor changes. However, the 
detector for the wavelength inside the band will 
respond to changes in the amount of water va- 
por. Hence, the ratio of the response of two such 
detectors will change with the amount of water 
vapor, and can be used as a measure of the water 
vapor amount. 


PW is related to other properties of the atmo- 
sphere, including those described in other GLOBE 
Atmosphere Protocols. It varies hourly, daily, sea- 
sonally, and geographically. Hence, it is helpful to 
consider water vapor as part of a broader discus- 
sion of the atmosphere and its properties. Ideally, 
water vapor measurements should be taken over 
an extended period of time to observe seasonal 
effects. The measurements will make more sense 
if they are combined with other GLOBE atmo- 
sphere observations, including the basic 
meteorological protocols and aerosols. In fact, 
some of these other protocols can be used to pro- 
vide the metadata that must be reported along 
with the water vapor instrument data. 


Figure AT-WV-4: The GLOBE/GIFTS Water Vapor Instrument 


The GLOBE/GIFTS Water Vapor 
Instrument 


The GLOBE/GIFTS water vapor instrument is 
based on the same principle as the GLOBE sun 
photometer for monitoring aerosols. They both 
use light emitting diodes (LEDs) to measure the 
strength of sunlight in select wavelengths. While 
the GLOBE sun photometer detects visible light 
in the green and red part of the spectrum, the 
water vapor instrument detects infrared rather 
than visible light. This instrument concept was 
first developed and described in the scientific lit- 
erature by a member of the Water Vapor Protocol 
Science Team [Mims, Forrest M. Ш, Sun photom- 
eter with light-emitting diodes as spectrally 
selective detectors, Applied Optics, 31, 6965-6967, 
1992]. Since that time, Mims has regularly col- 
lected water vapor data at Geronimo Creek 
Observatory in Seguin, Texas, USA [Mims, Forrest 
M. IIL, An inexpensive and stable LED sun pho- 
tometer for measuring the water vapor column 
over South Texas from 1990 to 2001, Geophys, 
Research Letter, 29, 13 pp, 20-1-20-4, 2002]. 


Measurements taken with the GLOBE/GIFTS wa- 
ter vapor instrument are in units of volts. These 
values must be converted into PW using calibra- 
tion data that have been determined for each 
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Figure AT-WV-5: Viewing the Sun Through the 
Atmosphere 
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instrument. The calibrations require access to 
specialized equipment and data that cannot be 
duplicated by students in the lab or in the field. 
The PW calculations are done by the GLOBE Data 
Server when data are reported and the calculated 
values are returned for students to use. 


The standard unit for measuring water vapor is 
cm of water in a vertical column of atmosphere 
directly above the observer. However, in all areas 
outside the tropics, the sun is never directly over- 
head. So, in general, your instrument will view 
the sun through a slanted path, known as the slant 
path, as illustrated in Figure AT-WV-5. The ratio 
between the slant path and the shortest distance 
between you and the “top” of the atmosphere (di- 
rectly overhead) is called the relative air mass (m). 
The smaller the solar elevation angle, 0, the longer 
the slant path and the larger the relative air mass, 
An approximate relationship between the solar el- 
evation angle and relative air mass, that is valid 
when the sun is not near the horizon, is 


1 
sin (Ө) 


To compensate for the fact that your instrument 
is measuring the water vapor through a longer 
portion of the atmosphere along the slant path, 
the water vapor detected by your instrument (the 
slant path water vapor) is divided by the relative 
air mass to estimate the amount of water vapor in 
the vertical column of atmosphere directly over 
your head, PW, according to the formula: 


_ (slant path PW) 


This process assumes that the distribution of wa. 
ter vapor with height along the slant Path is the 
same as that in the column directly over your head, 


Where and When to Take Water Vapor 
Measurements 


The logical place to take water vapor measure. 
ments is in the same place where you do the Cloud 
Protocols (and, hopefully, the Aerosols Protocol, too), 
If you take measurements at some other site, you 
need to define it as an additional Atmosphere 
Study Site. 


The basic meteorological conditions for using the 
GLOBE/GIFTS water vapor instrument are the 
same as for the GLOBE sun photometer: You must 
have an unobstructed view of the sun that is not 
blocked by clouds. Also, you should have an over- 
all view of the sky that allows you to take 
reasonable cloud type and cover, sky color, and 
haziness observations. If your view of the sky is 
severely restricted (as it might be at urban sites, 
for example), you will need to note the restric- 
tions in your study site definition. 


The decision about when you should take water 
vapor measurements depends on whether you 
Wish to associate your measurements with a par- 
ticular satellite instrument and, if so, the kind of 
orbit of that satellite. For most orbits, including 
the near-polar sunsynchronous orbits of many 
Earth-observing satellites, measurements need to 
be timed to coincide with overflights of your site. 
NASAs current major Earth-observing 
sunsynchronous satellites fly over in mid morn- 
ing or early afternoon. The precise times at which 
they fly over your observing site are readily avail- 
able online. For instruments in geostationary 
orbits (such as GIFTS), or if you are not associat- 
ing your measurements with specific satellite 
measurements, you can take measurements any 
time during the day. For developing a long-term 
record of water vapor over your observing site, it 
is helpful to take measurements at about the same 
time every day. 


PW 
m 
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instrument Care and Maintenance 

Your GLOBE/GIFIS water vapor instrument is 
simple and rugged. with no easily breakable parts. 
However, you must take care of it in order to take 
accurate measurements. Here are some things you 
should do and not do to ensure your water vapor 
instrument performs reliably over long periods 
of time. 


]. Do not drop your instrument. 

2. Protect your instrument from dirt and dust 

by storing it in à sealed plastic bag when 

you are not using it. 

Do not expose your instrument to 

extremely hot or cold temperatures - for 

example, by leaving it in the sun or on a 

radiator, or by leaving it outside. 

Keep your instrument turned off when not 

in use. 

. Check the battery voltage every few 

months. See Checking and Changing Your 

GLOBE/GIFTS Water Vapor Instrument’ 

Battery. This instrument uses very little 

power, so the battery should last for many 

months of normal use. If you accidentally 
leave your instrument turned on for hours 
or days when you are not using it, check 
the battery before taking additional 
measurements and replace it if necessary. 

Do not modify the electronics inside your 

water vapor instrument in any way. The 

calibration of your instrument depends 
critically on retaining the original 
components on the circuit board. 

. Do not enlarge the holes in the case 
through which sunlight enters your water 
vapor instrument. The calibration of your 
instrument and the interpretation of its 
measurements are based on the size of 
these holes. If you change them, your 
instrument will no longer be calibrated 
and even if a new calibration is obtained, 
your instrument may be useless. 


ә 
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With a little care, this instrument will 
work reliably for many years. If it appears 
not to be working correctly, consult with 
GLOBE before doing anything else. 


Checking and Changing Your GLOBE/ 
GIFTS Water Vapor Instrument's 
Battery 

Every three months or so, or right away if you 
accidentally leave your instrument turned on for 
an extended period of time, check the charge on 
the battery and replace it if necessary. See the 
Checking and Changing Your GLOBE Sun Photom- 
eter Battery Lab Guide (in the Aerosols Protocol) for 
instructions. Replacing the battery will not change 
the calibration of your instrument and measure- 
ments made with the old battery will be OK as 
long as you replace it before its voltage falls be- 
low 7.5 V. 


Suggestions for Student 
and Classroom 
Preparation 


Science Background 


This measurement should be useful as a hands- 
on activity for any course that addresses the 
atmosphere, weather and climate, the hydrologic 
cycle, or Earth as a system. Prior to implement- 
ing this protocol, it will be helpful to provide an 
introduction to electromagnetic radiation and the 
solar spectrum, including ultraviolet, visible, and 
infrared energy from the sun (material in the 
GLOBE Remote Sensing Video may prove help- 
ful). It is important for students to understand 
that the light visible to the human eye spans only 
a very small portion of the solar spectrum and 
that light at other wavelengths has significant ef- 
fects on humans and the environment. 


1f you have access in the classroom to an elec- 
tronic device that is controlled by a remote IR 
controller, it may be helpful to experiment with 
this device. How do we know IR light (radiation) 
is really there? Does it appear to behave like “light” 
even though we can't see it? What will block the 
IR signal from the controller? What will allow its 
passage? 

You should spend some time in your classroom 
familiarizing your students with the water vapor 
instrument, including reading the digital voltme- 
ter on the top of the case. In the classroom, the 
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voltages displayed on the voltmeter will be small, 
only a few millivolts. If you can point the instru- 
ment at the sun, even through a closed window, 
you will get much higher values. 


Metadata and Other Auxiliary Data 


The auxiliary data and metadata for the Water 
Vapor Protocol include those required for the 
GLOBE Aerosols Protocol along with relative hu- 
midity. Some of these are based on qualitative 
observations: 


* Cloud cover and type, including contrails 
* Sky color and clarity 


Others are quantitative values: 

* Current air temperature 

* Barometric pressure 

* Relative humidity 
Depending on which GLOBE protocols you are 
already doing, you will need to organize sources 
for some or all of these observations and mea- 
surements. The requirements are described in 
detail in the Classroom Preparation Guide. In some 
cases, GLOBE protocols are available. 


Additional Considerations 


1. The presence of thin, high clouds (cirrus) 
is a problem for water vapor and other 
direct sun measurements because these 
clouds are often difficult to see and can 
significantly affect the amount of sunlight 
transmitted through the atmosphere. So, 
students need to gain experience with 
cloud observations. 

2. Students should practice pointing the 
water vapor instrument at the sun before 
trying to record actual data. They should 
confirm that the maximum voltage is 
observed on the digital voltmeter when 
the round circle of sunlight shining 
through the front alignment bracket is 
centered over the colored dot on the rear 
bracket. (If this is not true, please notify 
the Science Team.) Practice sessions 
conducted outdoors, and whenever several 
students are trying to learn how to use the 
equipment, will take significantly longer 
than the actual time needed for one or two 
experienced observers to collect a set of 


measurements. During this time, the 
temperature inside your water vapor 
instrument can rise or fall by several 
degrees, depending on the ambient air 
temperature. You should avoid actually 
Teporting measurements made during 
practice sessions. 

3. It is important to take measurements in 
the prescribed way and under acceptable 
sky conditions. Because the numerical 
results will probably have little meaning to 
students, at least until they have recorded 
these data for a while, it is especially 
important to follow protocols carefully 
and consult with the Science Team if you 
have questions. 

A Classroom Preparation Guide is provided to help 
you prepare for implementing this protocol. It 
describes in detail the steps involved in record- 
ing a complete set of measurements, along with 
some discussion for each step. It parallels the Field 
Guide that simply lists the steps in order with no 
further explanation. As part of their preparation 
for this protocol, students and teachers should 
study the Classroom Preparation Guide to make 
sure they understand each step. 


Questions for Further Investigation 


What kinds of weather conditions and climates 
are associated with high (low) PW? 


To what extent is water vapor related to other at- 
mosphere variables such as aerosol optical 
thickness, temperature, cloud type and cover, 
precipitation, relative humidity, dewpoint tem- 
perature, barometric pressure, or ozone 
concentration? 


Can observations of PW improve your weather 
forecasts? 
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Water Vapor Protocol 


Classroom Preparation Guide 


This section includes a detailed step-by-step discussion about how to collect water vapor data, with 
information about and explanations for each step. The data collection steps are keyed to the Water 
Vapor Protocol Data Collection Field Guide, in which the same steps are listed, without explanation. 


Tasks 
e Record a set of maximum voltage readings obtained by pointing your water vapor instrument 
at the sun. 
» Record the precise time of your measurements. 
+ Observe and record meteorological, cloud, and sky conditions. 


What You Need 

Û GLOBE/GIFTS water vapor instrument Û GLOBE Cloud Chart 

О Water Vapor Data Sheet ÛÛ Barometer (optional) 

О Watch, preferably digital, or GPS receiver Q Thermometer 

Û Digital hygrometer or sling psychrometer О Field Guides for Cloud, Air Temperature, 
Relative Humidity Protocols (optional) and 

Ц Pen or pencil Optional Barometric Pressure Protocol (optional) 


Getting Ready To Make Measurements 

Site Description (see the Instrument Construction, Site Selection and Set-Up Protocol) 

In order to report water vapor measurements you must have a defined atmosphere site at which to 
make observations. If your school has not established an Atmosphere Study Site, you will need to define 
one following the Instrument Construction, Site Selection, and Set-Up Protocol. 

The site description needs to be done only once unless, of course, you change the location of the site 
or add an additional site. Interpretation of your measurements requires knowledge of the longitude, 
latitude, and elevation of your observing site. 

The basic condition for taking water vapor measurements is that you must have an unobstructed view 
of the sun and a view of the sky that allows you to make reasonable cloud cover and type estimates. 
These measurements can be done in an urban setting. 


Metadata 


Metadata are data about data and supplement your actual data. They are important because they help 
Scientists interpret your measurements. Some of the metadata (such as barometric station pressure) 
can be collected in the classroom just before or after your measurements. 
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Types of Metadata: 

1. Barometric pressure (Optional Barometric Pressure Protocol available) 

Accurate barometric pressure values are important. Sources for barometric pressure are, in order of 
preference: 


1. Online or broadcast data from a nearby official weather station. 

2. Printed values from a reliable source. 

3. Measurements from a classroom barometer. 

Note: If you use option #1 or option #2 then do not enter the value in the "Barometric Pressure" 
field on the Water Vapor Data Sheet, instead report this value in the Comments section of the 
Data Sheet. If option #3 is used the relative humidity value should be entered in the 
"Barometric Pressure" field on the Water Vapor Data Sheet. 

In many parts of the world, accurate barometric pressure values are readily available online, and are 
therefore preferable. 


Many U.S. newspapers publish a daily weather almanac that gives weather information for the previ- 
ous day, including barometric pressure. Use the value closest to the time of your data collection. For 
example, if barometric pressure is given at noon, this would be the value to use for most water vapor 
measurements. Depending on whether pressure is rising, steady or falling, it is reasonable to interpo- 
late between noontime and early morning or late afternoon values (6:00 am and 6:00 p.m. local time 
are often given in addition to 12:00 noon). 


In the U.S., the pressure may need to be converted from inches of mercury to millibars (hectopascals), 
which is the international and GLOBE standard: 


pressure (mbar or hectopascals) - pressure (inches of Hg) * 33.864 (mbar/inch of Hg) 


It is sufficient to report barometric pressure to the nearest millibar. 


2. Current air temperature (protocols available) 


Because the electronics in your GLOBE water vapor instrument, and especially its detectors, are tem- 
perature-sensitive, the Science Team asks that you report air temperature along with your water vapor 
measurements. GLOBE provides four Ways to measure current air temperature. 


1. Digital Multi-Day Max/Min Current Temperature Field Guide 


2. Steps 1-5 of the Maximum, Minimum and Current Temperature Protocol Field Guide 
3. Steps 1-4 of the Digital Single-Day Maximum and Minimum Temperature Protocol Field Guide 
^. Current Air Temperature Protocol Field Guide 

3. Temperature inside your water vapor instrument case 

In terms of instrument performance, what reall 

the temperature inside the instrument case. Your w. 
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For the most accurate measurements, it is important to maintain the air inside the case at approxi- 
mately room temperature — in the low 205. There are some simple steps you can take to minimize 
temperature sensitivity problems. Keep your water vapor instrument inside and bring it outside only 
when you are ready to take measurements. In the winter, transport it to the observing site under your 
coat or in an insulated bag. In the summer, transport it in a small picnic cooler. You can construct an 
insulating shell for your instrument from rigid foam plastic sheets (Styrofoam) held together with 
aluminum tape. Especially in the summer, keep your instrument shielded from direct sunlight when- 
ever you are not actually taking a measurement. 


4, Time 
It is important to report accurately the time at which you take measurements because calculations of 


solar position at your site depend critically on time. The GLOBE standard for reporting time i5 always 
UT, which can be calculated from local clock time, your time zone and time of year (required for areas 
that implement daylight sayings time). It is essential to convert local time to UT correctly. Be especially 
careful if you switch from standard to daylight savings time, or vice versa. For example, you must add 
5 hours to convert Eastern Standard Time (EST) to UT, but only 4 hours to convert Eastern Daylight 
Time (EDT) to UT. A one-hour error can produce results that look OK but that are, wrong, If you have 
a GPS receiver, you can obtain UT directly from it. 


Time should be reported to an accuracy of no less than the nearest 30 seconds. A digital watch or 
clock that displays seconds is easier to use than an analog one, but in either case you must set your 
timepiece against a reliable standard. Even an analog wristwatch can be read to the nearest 15 seconds 
ifit has one-minute marks on its dial. The time accuracy requirements for this and the related Aerosols 
Protocol are stricter than for most other GLOBE protocols. 


Itis not difficult to set your clock or watch accurately enough to meet the standards required for this 
protocol. You can get time online or from a handheld GPS receiver. In many parts of the world, you 
can buy a clock that sets itself automatically by detecting a radio signal from an institution that main- 
tains a reference clock. 


It may be tempting to use the clock maintained by your computer as à standard. However, this is not 
a good idea, as computer clocks are often inaccurate, and they should be reset periodically according 
to a reliable standard. Note that modern computer operating systems will automatically switch your 
computer clock back and forth between standard and daylight savings time. 


Water vapor measurements can be taken any time during the day. Indeed, it is an interesting project to 
study the variation of water vapor during the day. However, the water vapor instrument will give the 
most reliable readings when you take measurements between mid-morning and mid-afternoon. In 
temperate and higher latitudes, with low maximum solar elevation angles, you should take measure- 


ments near solar noon if possible, especially in the winter. 


If you are taking measurements that correspond to satellite overflights, then the times of those over- 
flights determine when measurements should be taken. How closely must your measurements match 
the time of the overflight to be useful? This is a question that should be discussed with scientists 
working with the space-based instruments. In general, the times should match within just a few 
minutes. However, it is always better to collect data than not, even if you cannot time the measure- 


ments precisely with satellite overflights. 
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5. Relative humidity (Relative Humidity Protocol available) iid 

Relative humidity is reported as a whole number, in percent. Relative humidity and temperature are 
used to calculate the dewpoint temperature, which is empirically related to PW (See Looking at the 
Data.) There are two options for reporting relative humidity, with the first being highly preferred: 


1. Obtain a relative humidity reading by doing the Relative Humidity Protocol. Report this reading 
in the "Relative Humidity" field on the Water Vapor Data Sheet. 

2. If you do not have access to a digital hygrometer or sling psychrometer that meets GLOBE 
specifications, you may obtain a relative humidity reading from an online or broadcast Source, 
In this case do not fill in the "Relative Humidity" field on the Water Vapor Data Sheet. Instead 
report this value in the Comments section of the Data Sheet. 


6. Cloud observations (Cloud Protocols available) 
Water vapor measurements can be interpreted properly only when the sun is not obscured by clouds, 
This does not mean that the sky must be completely clear, but only that there must be no clouds in the 
vicinity of the sun. This may not always be a simple determination. It is easy to determine whether 
low- and mid-altitude clouds are near the sun, but cirrus clouds can pose a challenge. They are often 
thin and may not appear to block a significant amount of sunlight. However cirrus clouds can affect 
PW measurements even when they are invisible to the human eye. Remember that the water vapor 
instrument detects light in the infrared part of the solar spectrum, so the fact that cirrus clouds may be 
only faintly visible to humans does not mean they are not absorbing infrared sunlight. 


Another difficult situation occurs in typical summer weather, especially near large urban areas. In this 
environment, polluted skies and humid conditions may make it difficult to distinguish cloud bound- 
aries. It is important to describe such conditions whenever you report measurements. Observing the 


sky (away from the sun!) through orange or red sunglasses or a plastic filter will make cloud bound- 
aries easier to see. 


Whenever you try to determine cloud conditions in the vicinity of the sun, you must block the sun 
itself with a book, a sheet of paper, a building or tree, or some other object. A sensible rule is that if 
you can see even faint shadows on the ground, you should not try to look directly at the sun. If in 


doubt, or if you believe you cannot determine sky conditions near the sun, then do not take a mea- 
surement. 


Safety Reminder: Never look directly at the sun, even throu 


4 gh colored sunglasses or plastic 
filters. This can seriously damage your eyes! 


Cloud condition reports should follow the Cloud Protocols. The cai 


tegories given on the Water Vapor 
Data Sheet are described in these protocols. ol 
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1. Sky conditions Figure AT-WV-6: Area of the Sky to Observe 

Sky conditions include sky color and clarity. These TT 

are subjective observations but, with practice, you 22 x d 
can learn to be consistent in your interpretations. | Area of the sky | 
For example, you can easily learn to recognize N to observe , 
the clear deep blue sky that is associated with ا‎ ы ^ 


clean air and low relative humidity. With higher 
humidity and increasing pollution, the sky color 
changes to à lighter blue. It may appear milky 
rather than clear. In some places, especially in 
and near urban areas, the sky can have a brown- 
ish or yellowish tint due to air pollution (primarily 
particulates and NO,). 


To determine sky color, look at the sky ina direc- 
tion away from the sun. That is, your shadow 
should be directly in front of you. Sky color is 
generally lighter near the horizon. For this rea- 
son, you should be consistent about basing your 
observation on the sky at an elevation angle of about 45° above the horizon. If this part of the sky is 
cloudy, use the nearest part of the sky for which you can determine the color. 


You can determine sky clarity by using a distant object — a tall building or mountain range, for ex- 
ample — as a reference. When this object appears sharply defined in its natural colors, then the sky is 
clear. As the object becomes less distinct, then there are probably more water vapor and aerosols in the 
atmosphere. However, please note that this method of determining haziness is more directly related to 
horizontal visibility, which may not always be an accurate indicator of the condition of the atmosphere 
above your site. 


When there are obvious reasons for unusual sky conditions, the users of your data need to know 
about them. Urban pollution, dust, and smoke are examples of conditions that need to be reported in 
the Comments section of the Data Sheet. 


8. Spacecraft overflight information 

As an optional part of the Water Vapor Protocol, you can collect data at times that coincide with space- 
craft overflights of your observing site. This may be important for spacecraft in low-altitude orbits, but 
not important for spacecraft in high-altitude geostationary orbits, such as GIFTS. Information about 
spacecraft overflights, including overflight time and the peak spacecraft elevation angle over your site, 
can be obtained online at: hte athobservatory nasa gov/MissionControV/overpass Pur It is even 
possible to find overflight information for spacecraft not listed by name on this Web site. (Contact the 
Science Team for more information.) Because the water vapor measurement involves viewing the Sun, 
only daytime overflights are of interest. For any day, you should always select the daytime overflight 
corresponding to the largest value of the peak spacecraft elevation angle. When this value is 90°, the 
spacecraft is flying directly over your site. When you are taking a measurement to correspond with a 


satellite overflights, please record the Satellite/instrument name, time of overflight, and the Max eleva- 
tion angle on your Water Vapor Data Sheet. 
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Data Collection 


Figure AT-WV-7: Parts of the GLOBE/GIFTS Water Vapor Instrument 
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In the Classroom 


You should be familiar with the parts of the GLOBE/GIFTS Water Vapor Instrument, as shown in 
Figure AT-WV-7. Make sure you have all required materials and, if you are working as a team, that 
each team member understands her or his ole. This is especially important if several different stu- 


dents participate in these measurements on a rotating basis. Information about using the computer 
interface can be obtained from the Science Team. 


vapor instrument should be at room temperature — about 20-25° C — before collecting data. Place the 
instrument in an insulated container before you take it outside. 
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Explanation of Field Guide Steps for Data Collection: 
]. Turn your instrument on. 
2. Hold the instrument in front of you in a position where you can read the digital voltmeter and 


can comfortably keep the sun spot shining through the front alignment bracket aligned on the 
rear alignment dot. 


It will be helpful to brace the instrument against your knees, a chair back, railing, or some 
other fixed object. 


Set the rotary switch to T, read the voltage, multiply this reading by 100, and record the value 
under "case temperature" on your Water Vapor Data Sheet. 


E 


This reading represents the air temperature near the LED detectors inside your instrument. 
For the most accurate results, this temperature should be in the range 20-25' C. 


ES 


Set the rotary switch to IRI. 


The Data Entry Form asks for measurements in the order IRI then IR2. Always take 
measurements in this order. 


л 


Adjust the pointing of your instrument until the spot of sunlight coming through the front 
alignment bracket is centered on the colored alignment spot on the rear bracket. 


During the next 10-15 seconds, observe the voltage displayed on the meter and record the 
maximum voltage in the *sunlight voltage" column of your Data Sheet. The voltages will 
fluctuate by a few millivolts even when you hold your instrument perfectly steady. This is due 
to real fluctuations in the atmosphere. Do not try to "average" these fluctuating voltages. Also, 
be sure to record all the digits displayed on the meter: 1.722 rather than 1.73, for example. 


D 


‚ Record the time at which you took the measurement as accurately as possible. 


Include seconds. An accuracy of 15-30 seconds is required. This is possible even with an 
analog watch that has been set to a reliable standard. 


ы 


. While still pointing your instrument at the sun, cover the sunlight apertures with your finger 
to block all light from entering the case. Record this reading in the “dark voltage” column on 
the Data Sheet. 


oo 


. Select the IR2 channel and repeat steps 5-7. 


o 


. Repeat steps 4-8 at least two and as many as four more times. 


This will give between three and five pairs of IRY/IR2 measurements. Remember that it is 


important to be consistent about the order in which you collect these data: IRL, IR2, ІВ1, IR2, 


IRI, IR2. The time between measurements is not critical as long as you record the time 
accurately. However, especially in hot or cold weather, it is important to minimize the total 
measurement time in order to keep the temperature inside your instrument case close to room 


temperature. A set of up to five pairs of measurements should take no longer than two or 


three minutes to collect (20-30 seconds per voltage value). The Water Vapor Data Sheet has 


space for up to five pairs of measurements; taking more than three pairs is helpful, but not 


required. 
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10. Set the rotary switch to T, read the voltage, multiply this reading by 100, and record 


the value 
under "case temperature" on your Water Vapor Data Sheet. 
11. Turn off your water vapor instrument. 


12. Note any clouds in the vicinity of the sun in the Comments section of your Water Vapor Data 
Sheet. Be sure to note the type of clouds by using the GLOBE Cloud Chart. 


13. Do the Cloud Protocols and record your observations on the Water Vapor Data Sheet. 


14. Read and record the current air temperature to the nearest 0.5° C following one of the air 
temperature protocols. Be careful not to touch or breathe on the thermometer. 


Use one of the protocols listed in item 2. in the first part of this Classroom Preparation Guide. 
1 


n 


. Perform the Relative Humidity Protocol and record the results on the Water Vapor Data Sheet. 


If you do not have an acceptable digital hygrometer or sling psychrometer available, then do 
not fill in the *Relative Humidity" fields on your data Water Vapor Data Sheet. Instead report a 


relative humidity value from a reliable online source in the Comments section of the Water 
Vapor Data Sheet. 


16. Complete the Water Vapor Data Sheet. 


This includes reporting a barometric pressure value (preferably from an online source reported 
in the Comments section) as described above, and filling in any additional comments. 
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Water Vapor Protocol Data Collection 
Field Guide 


Task 


e Record a set of maximum voltage readings obtained by pointing your water vapor instrument at 


the sun. 
» Record the precise time of your measurements. 
+ Observe and record meteorological, cloud, and sky conditions. 


What You Need 
О GLOBE/GIFTS water vapor instrument Û GLOBE cloud chart 
Û Water Vapor Data Sheet ÛJ Barometer (optional) 


L] Thermometer 


О Field Guides for Cloud, Air Temperature, 
Relative Humidity Protocols (optional) and 


Û watch, preferably digital, or GPS receiver 


Q Digital hygrometer or sling psychrometer 


(optional) 
Optional Barometric Pressure Protocol 
О Pen or pencil (optional) 
In the Field Sunlight Apertures 
1. Turn your instrument on. | Hole in Front Bracket 
2. Hold the instrument in 


front of you in a position 


Computer Interface 
where you can read the 


digital panel meter and Digital Voltmeter + 
can comfortably keep the 
sun spot shining through On/Off Switch ————- +— Output Jack 


the front alignment 
bracket aligned on the 


8 Alignment Spot Channel Select Switch 
rear alignment dot. 


ف 


Set the rotary switch to T, 
read the voltage and multiply this reading by 100 and record it under case temperature on 
your Water Vapor Data Sheet. 


4. Set the rotary switch to IRI. 


л 


. Adjust the aim of your instrument until the spot of sunlight coming through the front 
alignment bracket is centered on the colored alignment dot on the rear bracket. Wait 2-3 
seconds. Then, always keeping the spot of sunlight centered on the alignment dot, observe the 
voltage displayed on the voltmeter during the next 10-15 seconds and record the maximum 
voltage in the "sunlight voltage" column of your Water Vapor Data Sheet. 


о 


. Record the time at which you took the measurement as accurately and precisely as possible. 
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7. While still pointing your instrument at the sun, cover the sunlight apertures with your finger 
to block all light from entering the case. Record this reading in the “dark voltage” column оп 
the Data Sheet. 


8. Set the rotary switch to IR2 and repeat steps 5-7. 
9. Repeat steps 4-8 at least two and no more than five more times. 


10. Set the rotary switch to T, read the voltage and multiply this reading by 100 and record it 
under case temperature on your Water Vapor Data Sheet. 


11. Turn off your instrument. 


12. Note any clouds in the vicinity of the sun in the Comments section of the Water Vapor Data 
Sheet. Be sure to note the type of clouds by using the GLOBE Cloud Chart. 


13. Do the Cloud Protocols and record your observations on the Water Vapor Data Sheet. 


14. Read and record the current air temperature to the nearest 0.5° С following one of the air 
temperature protocols. Be careful not to touch or breathe on the thermometer. 


15. Perform the Relative Humidity Protocol and record the results on the Water Vapor Data Sheet. 
16. Complete the Water Vapor Data Sheet. 
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Frequently Asked Questions 


1, The GLOBE/GIFTS water vapor 

instrument uses light-emitting diodes (LEDs) 
as sunlight detectors. What is an LED? 

A light-emitting diode is a semiconductor device 
that emits light when an electrical current flows 
through it. The actual device is a tiny chip only a 
fraction of a millimeter in diameter. The chip will 
be housed in either a small metal case with a flat 
glass cover about 5 mm in diameter, or an epoxy 
cylinder about 5 mm in diameter. 


The physical process that causes LEDs to emit light 
also works the other way around. When light 
shines on an LED, it produces a very small cur- 
rent. The electronics in your water vapor 
instrument amplify this current and convert it to 
a voltage. 


LEDs are found in a wide range of electronic in- 
struments and consumer products. The most 
familiar LEDs emit visible light — red, yellow, 
green, or blue. The LEDs in your water vapor in- 
strument emit (and respond to) infrared light. This 
radiation is invisible to the human eye. LED trans- 
mitters and detectors are commonly used in the 
familiar handheld remote control devices often 
included with consumer electronics devices such 
as TVs and audio equipment. 


2, What does the GLOBE/GIFTS water vapor 
instrument measure? 

As noted in Question 1, sunlight striking the de- 
tectors in your instrument causes à Very small 
current to flow. Each detector responds to sun- 
light over a different narrow band of infrared 
wavelengths. When the current is amplified it 
produces a voltage that is proportional to the 
amount of light striking the detector within that 
wavelength band. Water vapor absorbs sunlight 
traveling through the atmosphere in one of the 
wavelength bands, but not the other. Your instru- 
ment is calibrated so that the amount of water 
vapor in the atmosphere can be related to the ra- 
tio of voltages from the two channels. 


3. What is the field of view of the GLOBE/ 

GIFTS water vapor instrument and why is it 

Important? 

a water vapor instrument is a sun photometer. 
he equation that describes theoretically how to 


interpret sun photometer measure- с 
ments requires that the instrument 
should see only direct light from the sun 
— that is, light that follows a straight- 

line path from the sun to the light detector. This 
requirement can be met only approximately be- 
cause all sun photometers see some scattered light 
from the sky around the sun. 


The cone of light that a sun photometers detec- 
tor sees is cálled its field of view, and it is desirable 
to have this cone as narrow as possible. The 
GLOBE/GIFTS water vapor instruments field of 
view is about 2.5 degrees, which is a reasonable 
compromise between desires for accuracy and 
practical considerations that arise in building a 
handheld instrument. The basic trade-off is that 
the smaller the field of view, the harder the in- 
strument is to point accurately at the sun. Very 
expensive sun photometers, with motors and elec- 
tronics to align the detector with the sun, can have 
fields of view of 1 degree or less. However, stud- 
ies have shown that the error introduced by 
somewhat larger fields of view is negligible for 
the conditions under which the GLOBE/GIFTS 
water vapor instrument should be used. 


4. How important is it to keep the water 
vapor instrument from getting hot or cold 
while I’m taking measurements? 

The LED detectors in your instrument are tem- 
perature-sensitive, SO their output is slightly 
influenced by their temperature. Therefore, it is 
important to protect your instrument from get- 
ting too hot or too cold. Keep it inside, at room 
temperature, when you are not actually collect- 
ing data. Never leave your instrument outside or 
in direct sunlight for extended periods of time. 
When you are collecting data, the important tem- 
perature is not the outside air temperature, but 
the air temperature inside the case. You can moni- 
tor the case temperature by selecting the “T” 
channel on your instrument. (Multiply the volt- 
age reading by 100 to get the temperature in degrees 
C.) This temperature should be in the low 205. If 
the temperature is in this range when you start tak- 
ing measurements, and if you work as quickly as 
possible, the temperature inside the case should not 
change by more than a degree or two and you 
can minimize undesirable temperature effects. 
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5. I dropped my water vapor instrument. 
What should I do now? 

Fortunately, the components inside your water 
vapor instruments are very rugged, so they should 
survive being dropped. If you have made an in- 
sulated housing for your instrument, then it will 
be very well protected. However, you should still 
check the case for cracks. Even if the case is 
cracked, it may still be OK. Just tape over the 
cracks using something opaque, such as duct tape 
or aluminum tape. Open the case and make sure 
that everything looks OK. In particular, make sure 
that the battery is still firmly attached to its con- 
nector. If the alignment brackets have moved or 
are loose as a result of the fall, your instrument 
should be returned to the Science Team for 
recalibration. 


6. How do I know if my water vapor 
instrument is working properly? 

When you turn your water vapor instrument on 
without pointing it at the sun, you should mea- 
sure a small DC voltage no larger than a few 
millivolts. When you point your instrument di- 
rectly at the sun, the voltage should increase to a 
value in the range of about 0.5 to 2 V If you do 
not observe such voltage changes when you point 
your instrument at the sun, then it is not working. 


The most likely reason for a water vapor instru- 
ment to stop working is that the battery is too 
weak to power the electronics. As indicated in the 
procedure for changing the battery (see the Aero- 
sols Protocol), you should replace the battery if its 
voltage (with your instrument turned on) is less 
than 7.5 V. You should check the battery three or 
four times per year unless you know your instru- 
ment has inadvertently been left on for an 
extended period of time. 


Changing the battery will not affect the calibra- 
tion of your instrument. 1f you replace the battery 
and your instrument still appears not to work, 
contact GLOBE for help. 


7. Can I make my own water vapor 
instrument? 

Yes. You can purchase a basic GLOBE/GIFTS wa- 
ter vapor instrument kit. Constructing this device 
involves soldering some electronic components, 
which is a skill students need to learn from some- 


one who has done it before. You can start takin ) 
measurements as soon as you have assembled yoy, | 
instrument. However, at some point, you Must send 
your water vapor instrument to the GLOBE Science 
Team for calibration before your data can be a 
cepted into the GLOBE Data Archive. 


8. How accurate are measurements taken with 
the GLOBE water vapor instrument? 

This is a difficult question whose answer is the sub. 
ject of ongoing research. Unlike some other GLOBE 
measurements, there is no accepted reference stan. 
dard against which these measurements can be 
compared. All measurements of total atmospheric 
water vapor content are subject to errors and un. 
certainties. Calibration of the GLOBE/GIFTS water 
vapor instrument depends on measurements made 
with other techniques. Therefore, its accuracy de- 
pends on the accuracy of these other techniques. 
Other sun-photometer based measurements of wa- 
ter vapor do not claim accuracies better than 10%. 
Although this seems like a large error, it is sufficient 
to be useful for improved understanding of the dis- 
tribution and transport of water vapor. 


9. How is total precipitable water vapor related 
to atmospheric properties measurable at the 
ground? 

Practically by definition, it is not possible to infer 
precipitable water (PW) directly and accurately from 
other measurements made on the ground. If that 
were possible, we wouldn't need a water vapor in- 
strument! However, atmospheric scientists have long 
understood that there is an approximate relation- 
ship between PW and the surface dewpoint 
temperature — the air temperature at which rela- 
tive humidity would be 100%. About 40 years ago, 
C. H. Reitan [Surface Dew Point and Water Vapor 
Aloft, J. Applied Meteorology 2, 776-779, 1963] de- 
rived an empirical relationship: 


In(PW) = 0.1102 + 0.06147, 


where In(PW) is the natural logarithm of the pe 
cipitable water in centimeters and T , is the dewpoint 
temperature in degrees Celsius. Because the rela 
tionship between PW and dewpoint temperature i 
only approximate, it cannot substitute for an actual 
measurement of PW, Testing this relationship is 4 


good research project for advanced secondary schoo 
students, 
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10. Can my GLOBE/GIFTS water vapor 
instrument be used to measure aerosol 

optical thickness at infrared wavelengths? 
This question might occur to you if you are also 
doing the GLOBE Aerosols Protocol. The GLOBE/ 
GIFTS water vapor instrument is nothing more 
than a sun photometer that has been calibrated 
ina particular way to determine atmospheric 
water vapor. However, it can also be calibrated as 
a sun photometer that can be used to determine 
aerosol optical thickness at two near-IR wave- 
lengths. You can continue to use the same 
instrument to measure water vapor, too. Typically, 
you will not be able to do this calibration your- 
self. If you are interested in this project, which is 
well worth doing, please contact the Science Team. 
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Water Vapor Protocol = 
Looking at the Data 


Voltage readings from the GLOBE/GIFTS water 
vapor instrument should be in the range of 0.5 to 
2.0 V, and dark current readings should be only a 
few millivolts. Large differences among a set of 
three to five voltage readings for IR1 or IR2 may 
indicate that there were cirrus or other clouds 
moving across the sun during observations. 


Typically, precipitable water (PW) varies between 
a few tenths of a centimeter and several centime- 
ters. At high elevation sites in arid climates, PW 
can approach 0. PW is only rarely above 6 cm. 
Much larger values may indicate that cirrus clouds 
were in front of the sun during the measurement, 
If a particular instrument regularly produces PW 
values outside the normal range, it indicates that 
something is wrong with the instrument (e. g. the 
battery needs to be changed or the instrument 
needs recalibration). Negative values of PW are 
physically impossible and indicate serious prob- 
lems with the instrument or with the observer's 
understanding of how to collect data. 


Figure AT-WV-8: Seasonal Variation of PW at Geronimo Creek Observatory, 


In temperate climates, the dominant feature of PW 
is its strong seasonal cycle. This can be Seen ing 
12-year record of PW measurements made with 
an LED-based instrument similar to the GLOBE 
GIFTS instrument by Forrest Mims at his obser. 
vatory in Seguin, Texas, USA. [See Mims, Fortes 
M. III, An inexpensive and stable LED sun pho- 
tometer for measuring the water vapor column 
over South Texas from 1990 to 2001, Geophys, 
Res. Lett. 29,13, рр 20-1- 20-4,2002.] It is clear 
from Figure AT-WV-8 that PW values are higher 
in the summer than in the winter. PW measure- 
ments made by students in temperate climates 
should exhibit this seasonal cycle. Note that ma- 
jor volcano eruptions, such as Mt. Pinatubo, and 
El Nino events can influence the seasonal PW 
cycle. Measurements made in other climates, such 
as tropical regions that have wet and dry seasons, 
should have PW cycles that are related to these 
seasons. PW values at high-elevation observing 
sites will be smaller than those for sites nearer to 
sea level. (Unlike barometric pressure, for ex- 
ample, and like aerosol optical thickness, PW 


Seguin, Texas, USA 
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values are not “normalized” to sea level; they rep- 
resent the actual amount of water vapor in the 
atmosphere above the observing site.) 


It might seem reasonable to expect PW to be re- 
lated to relative humidity. Actually, the correlation 
between the amount of water vapor in the entire 
atmosphere and relative humidity — a measure- 
ment made near Earths surface — is quite poor. 
However, under many conditions, PW is related 
to a another surface meteorological parameter: 
dewpoint temperature. This is the temperature at 
which relative humidity would be 10096. So, when 
relative humidity is less than 10096, the dewpoint 
temperature is less than the air temperature. This 
is discussed further in the Relative Humidity Pro- 
tocol. The dewpoint temperature is not usually a 
regular part of *popular" weather reports, but is 
provided on the GLOBE Web site. Figure AT-WV- 
9 shows PW versus dewpoint temperature for data 
collected over 13 years by Forrest Mims at 
Geronimo Creek Observatory, Seguin, TX, USA. 


Although the relationship between PW and 
dewpoint is interesting, it is clear from Figure AT- 
WV-9 that you cannot use dewpoint as a 
replacement for actual measurements of atmo- 
spheric water vapor. (Otherwise, there would be 
no reason for this protocol!) The relationship be- 
tween dewpoint and water vapor breaks down 
when the weather is changing rapidly — when a 
cold front is passing, for example. 


Figure A-WV-9 


Column water vapor (cm) 


Column water vapor and dewpoint 
Geronimo Creek Observatory (Feb 1990 to Mar 2003) 
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Purpose 


| To measure relative humidity at an Atmosphere 
Study Site 


Overview 

Sling Psychrometer: Students check that the 
sling psychrometer has water in it to wet the 
bulb of one of the thermometers and read the 
temperature of the dry bulb thermometer. Then 
they sling the thermometers around for 3 min- 
utes and read the wet bulb temperature. 
Relative humidity is determined from the wet 
and dry bulb temperature readings using a table 
or slide calculator. 


Digital Hygrometer: Students place the digi- 
tal hygrometer in the instrument shelter and 
return to read the value after at least 30 minutes. 


Student Outcomes 

Students learn to quantify humidity and that 
there is a limit to the amount of water vapor 
which the air can hold. 


Students gain insight into why rain drops and 
snow flakes form and why there is precipitation. 


Science Concepts 
Earth and Space Science 
Weather can be described by quantitative 
measurements. 
Weather changes from day to day and over 
the seasons. 
Weather varies on local, regional, and 
global spatial scales. 
Water vapor content of the atmosphere is 
limited by temperature and pressure. 
Water vapor is added to the atmosphere by 
evaporation from Earth’ surface and 
transpiration from plants. 
Precipitation forms by condensation of 
water vapor in the atmosphere. 
Condensation and evaporation affect the 
heat balance of the atmosphere. 
Physical Science 
Materials exist in different states. 


Geography 
Water vapor in the atmosphere affects the 
characteristics of the physical geographic 
system. 
Scientific Inquiry Abilities 
Use a hygrometer or sling psychrometer to 
measure relative humidity. 
Use a thermometer to measure temperature. 
Identify answerable questions. 
Design and conduct scientific investigations. 
Use appropriate mathematics to analyze data. 
Develop descriptions and explanations 
using evidence. 
Recognize and analyze alternative 
explanations. 
Communicate procedures and explanations. 


Time 
5 minutes (digital hygrometer) 
10 minutes (sling psychrometer) 


Level 
All 


Frequency 
Daily, preferably within one hour of local 
solar noon 


Materials and Tools 
Digital Hygrometer 
Instrument shelter 
Thermometer 
Watch 
Atmosphere Investigation Data Sheet 


Sling Psychrometer 

Instrument shelter 

Calibration thermometer 
Psychrometric chart 

Watch or timer 

Bottle of distilled water 
Atmosphere Investigation Data Sheet 


Prerequisites 


None 
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Relative Humidity 
Protocol - Introduction 


The atmosphere is made up a mixture of gases, 
one of which is water vapor. Water vapor is added 
to the atmosphere through evaporation and tran- 
spiration and removed when it condenses or 
freezes and precipitates. Humidity is the amount 
of water vapor present in the atmosphere. Rela- 
tive humidity (RH) refers to this amount relative to 
the amount of water vapor in the atmosphere 
when the air is saturated. 


The air is saturated when the liquid and gaseous 
forms of water are in balance at a given tempera- 
ture. At saturation, relative humidity is 100%. 
When the relative humidity is over 100%, the air 
is supersaturated and the water vapor will con- 
dense or freeze to form new liquid water droplets 
or ice crystals. 


amount of water vapor in the air 
amount of water vapor 
in the air at saturation 


КН = 


The amount of water vapor that may be present 
in the air at saturation depends upon the air tem- 
perature. The amount of water vapor that can exist 
in air at saturation increases as temperature in- 
creases. Table AT-RH-1 shows the relationship 
between temperature, saturation, and relative 
humidity. From this example you can see that if 
the temperature changes relative humidity can 
change even if the amount of water vapor in the 
air remains the same. 


Table AT-RH-1 


Air Temperature 


Water Vapor 
ес) 


Present in air (g/m?) 


Water Vapor Present 
at Saturation (g/m?) 


Оп а calm, clear day, air temperature tends to Tise 
from sunrise until mid-afternoon and then fall 
until the following sunrise. If the amount of Mois. 
ture in the air remains essentially the same during 
the course of the day, relative humidity will vary 
inversely with the temperature. That is, relative 
humidity will decrease from morning until mid. 
afternoon and rise again through the evening, See 
Figure AT-RH-1. 


Water vapor in the atmosphere is an important 
part of the hydrologic cycle, and taking relative 
humidity measurements helps us to understand 
how rapidly water is moving from Earth's surface 
to the atmosphere and back again. By measuring 
water vapor in the atmosphere, the climate of a 
given location may be classified as arid (dry) or 
humid (moist). Relative humidity influences when 
clouds will form and precipitation will fall, there- 
fore the amount of water in the atmosphere is 
important in determining the weather and climate 
of an area. 


Relative humidity also affects the heatin g and cool- 
ing ofthe air. Since water has a significantly higher 
heat capacity than air, small amounts of water va- 
por can make considerable changes to the rate at 
which an air mass changes temperature. This ac- 
counts for the rapid cooling at night in the desert 
where the relative humidity is low, and the rela- 


tively slow nighttime cooling in more humid areas. 


Relative Humidity 


9 +30 * 100 = 30% 


9 + 17 * 100 = 53% 


9+9 * 100 = 100% 
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Teacher Support 
Digital Hygrometer 


The hygrometer is a meteorological instrument 
with a long history. Initial hygrometers used hu- 
man or other strands of hair, which when 
bundled, respond sensitively to moisture in the 
atmosphere (Perhaps some of you have experi- 
enced this yourself!) Using ceramic and metallic 
compounds, digital hygrometers which measure 
electrical resistance can also measure humidity 
over a wide range, thus making them ideal in- 
struments for schools that cannot easily 
accommodate the difficulties of using the sling 
psychrometer for the humidity observations. No 
matter which instrument is used, the relative hu- 
midity observations will be useful to scientists. 


Care must be taken to avoid exposure to conden- 
sation. If condensation occurs or is expected to 
occur during the time that the instrument will be 
exposed to the air in the instrument shelter, please 
do not place it outside. Rather, report a reading 
of 100% and enter comments “condensation oc- 
curring” in the metadata , which will indicate an 
inference, rather than a measurement, of relative 
humidity. An example of a digital hygrometer is 
shown in Figure AT-RH-2. 


Most digital hygrometers may not be left in the 
instrument shelter during periods of condensation 
(precipitation or fog). Therefore, the instrument will 


Figure AT-RH-2: Digital Hygrometer 


have to be set out in the shelter at least 30 min. 
utes before the local solar noon observations are 
begun. If you are also doing the ozone Protocol, з 
convenient time to place the hygrometer in the 
shelter may be at the time you expose the Ozone 
strip outside (which is one hour before your ozone 
observation is made). 


The hygrometer has a stand that can be used to 
place the instrument on the floor of the shelter. 
After the hygrometer has been in the shelter at 
least 30 minutes, read the value of relative hu- 
midity to the nearest 196 on the digital display. Be 
sure that the “max” or “min” indicators are not lit, 
as this will indicate that the instrument is set to 
show the maximum or minimum value, not the 
actual value. Enter the reading on the Data Entry 
Sheet while you also enter your cloud, tempera- 
ture and precipitation observations, and report 
the data to GLOBE. 


No calibration is necessary for the instrument, 
until the calibration certificate that comes with it 
expires. Please send the instrument back to the 
factory for recalibration at the interval that the 
manufacturer recommends (usually two years). 


Measurement Logistics 


The digital hygrometer can be ruined by conden- 
sation within the instrument. For this reason, it 
should not be left out in the instrument shelter 
except in extremely dry locations and seasons. It 
must be kept inside in dry conditions and left 
outside only long enough to obtain a good mea- 
surement. If your building is not climate 
controlled, store the instrument in an air tight 
container with rice, wheat berries, or some other 
item which readily absorbs water from the air and 
keeps the air in the container dry. Dont forget to 
change the absorbing substance periodically 


The instrument takes some time (roughly 30 min- 
utes) to adjust to outside conditions. This presents 
a logistics challenge. Generally, the daily measure- 
ments of temperature, precipitation, and clouds 
can all be accomplished within 15 minutes, 50 
the hygrometer will need to be placed outside 
during one visit to the Atmosphere Study Site and 
read during a later visit. 


If you are taking ozone measurements, you will 
have a similar situation in that students come t 
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the Atmosphere Study Site and expose an ozone 
strip and then come to the site one hour later to 
read the strip. One approach is to put the hygrom- 
eter in the instrument shelter when the ozone strip 
is exposed and to read it when the ozone strip is 
read. A reading of current temperature must be 
taken when the digital hygrometer is read and is 
also required when the ozone strip is read, so with 
this approach one current temperature reading 
will serve to support the interpretation of both 
the ozone and relative humidity measurements. 


If precipitation or fog is occurring or imminent, 
do not take the hygrometer outside. Instead, re- 
port a reading of 10096 on your Data Entry Sheet, 
and enter comments stating that the air is satu- 
rated, so the relative humidity is approximated. 


Storing the Hygrometer 


The hygrometer observation can be taken every 
day, but if the instrument will not be used for an 
extended time (i.e., one week or more), it may be 
desirable to remove the batteries. Always be sure 
that the instrument does not remain in the in- 
strument shelter or anyplace else where it will be 
exposed to condensation, or will get wet. 


Sling Psychrometer 


The sling psychrometer is an instrument that con- 
sists of two thermometers attached to a sturdy 
housing, which can be whirled by hand. On one 
side, the “dry-bulb” thermometer measures the 
air temperature. On the other side, the “wet-bulb” 
thermometer (with a wick attached to the bottom 
of the thermometer) will be used to measure the 
temperature of air which is cooling by evapora- 
tion. Both thermometers show temperature 
decreasing as you go from bottom to top. The 
purpose of the measurement is find how much 
cooling by evaporation can take place at the time 
of the observation. The larger the difference be- 
tween the dry-bulb temperature and wet-bulb 
temperature, the drier the air is. Using the air tem- 
Perature and the wet-bulb temperature, the 
relative humidity can be determined easily. A scale 
for determining relative humidity is often found 
Mounted to the instrument, or you may use an 
external psychrometric chart, which will come 
with the sling psychrometer. The standard sling 
Psychrometer is shown in Figure AT-RH-3. 


Before using your sling psychrometer, make sure 
that the columns of colored fluid are continuous 
because the columns may sometimes separate into 
segments during shipping. If there are gaps in the 
liquid column, grasp the thermometer by the case, 
making sure the thermometer is in an upright 
position, and shake the case until the liquid forms 
a continuous column. Do not press against the 
stem of the thermometer as this could cause break- 
age. You may need to tap the bottom of the 
thermometer against the palm of your hand as 
well. Each thermometer should also be calibrated 
against the calibration thermometer before use, 
and once every three months. 


Questions for Further Investigation 


How are your relative humidity observations re- 
lated to air temperature? 


Can you find other GLOBE sites at your latitude 
which are closer to or further from large bodies 
of water? Do you see any systematic differences 
in relative humidity between your location and 
the others? 


Does relative humidity affect any non-atmosphere 
parts of your local environment? How? 


At what time of day will relative humidity nor- 
mally be at a maximum? At a minimum? 


Are your relative humidity and phrenology mea- 
surements related? 


Figure AT-RH-3: Sling Psychrometer 
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Field Guide 


Task 
Find the relative humidity using a digital hygrometer. 


What You Need 

Û Digital hygrometer C] Watch or timer 

0 Atmosphere Investigation Data Sheet Û A thermometer properly installed 
OR Ozone Data Sheet in an Instrument Shelter 

In the Field 


1. Place the hygrometer in the instrument shelter. (Unless it is very dry, do not leave the 
hygrometer in the shelter overnight!) 


2. After at least 30 minutes, read the relative humidity, and note the instrument used. 


3. Read the current temperature (if your reading is not being taken at the same time as the daily 
reading of maximum, minimum, and current temperature). 5 
F 


4. Return the hygrometer to the classroom, and store it in a dry place. 
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Sling Psychrometer 
Field Guide 


Task 
Find the relative humidity by measuring the temperatures of wet bulb and dry bulb thermometers. 


What You Need 

Û Sling psychrometer Û Watch or timer 

QA psychrometric chart or scale Û Atmosphere Investigation Data Sheet 
OR Ozone Data Sheet 

In the Field 


1. Stand far enough away from other people and the instrument shelter so you will not hit them 
with the psychrometer. Stand in the shade if possible with your back to the sun. If there is no 
shade near the shelter, move to a shady spot nearby, but not too close to trees or buildings. 


кә 


‚ Keep the sling psychrometer as far away as possible from your body to prevent body heat from 
changing the temperature readings. This is very important in cold weather. Do not touch or 
breathe on the temperature-sensing parts of the thermometer as this, too, may affect the 
reading. 


[v 


. Open the sling psychrometer case by pulling out the slider, which contains the two 
thermometers. 


> 


. Wait three minutes to allow the thermometer to read the current air temperature and then 
read the current dry bulb temperature to 0.5° C using the thermometer with no wick attached. 
Make sure your eyes are level with the instrument. 


I 


Record the dry bulb temperature. 


o 


Check to be sure that there is still distilled water in the reservoir, and that the wick is wet. If it 
is dry, add distilled water to the reservoir. 


T. Sling the psychrometer for 3 minutes 


oo 


. Let the psychrometer stop whirling on its own! Do not stop it with your hand or other object. 
9. Read the wet bulb temperature to 0.5° C (from the thermometer with the wick attached). 


10. Record the wet bulb temperature. 


11. Determine the relative humidity using a psychrometric chart or the sliding scale found on the 
cases of some psychrometers. You may also leave this blank as GLOBE can calculate relative 
humidity from your wet and dry bulb temperatures. 


12. When you are done with the instrument, close it up and return it to the shelter properly. 
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Frequently Asked Questions 


1. Why do you have two different methods of 
measuring relative humidity? 

Two methods are used to try to provide an incen- 
tive for the teacher and student to make a 
determination about how much time is desired 
taking the observations. One is more complex 
(and fun) than the other. Observations from ei- 
ther method are equally valuable to the GLOBE 
program and scientists, in general. 


2. How come we have to take the hygrometer 
inside each day, and bring it out to the 
weather shelter 30 minutes before we make 
our local solar noon observations? 

The sensitive electronics inside the hygrometer 
cannot be exposed to condensation for long peri- 
ods of time, so it is best to avoid all situations 
when condensation may be expected. If fog 
or persistent rainfall is occurring at the time of 
observation, it is best not to take the hygrometer 
outside; rather, the observer should report a rela- 
tive humidity of 100%, but also should make a 
comment in the metadata that the observation was 
inferred based on visible condensation in the air 
(rain or fog). 


3. I see the definitions for wet-bulb and dry- 
bulb temperature; what is the dew point 
temperature? 

The dew point temperature is the temperature to 
which air must be cooled to achieve saturation 
(relative humidity = 100%) given its current wa- 
ter content. Dew point is a measure of the actual 
water vapor content. On calm clear days followed 
by calm clear nights, the temperature will fall rap- 
idly towards the dew point. Unless dew forms, if 
the air temperature reaches the dew point tem- 
perature, fog may form. Once dew or fog forms, 
the dew point temperature will fall, because there 
is less water vapor in the air. 


4. Why can't we use the sling 
psychrometer below freezing? 
The relationship between evaporation rate and 
temperature is more complicated below freezing 
than above freezing, so the sling psychrometer wil 
not be as practical. More expensive models that 
have greater ranges are available, but are beyond 
the reach of the expected school budgets for in. 
struments. We recommend the use of з 
hygrometer for locations that have frequent tem- 
peratures below freezing. 


5. How accurate are these relative humidity 
readings, compared to those that might be 
taken with more expensive instruments? 
The hygrometer will report relative humidity with 
an accuracy range of 2-496, within the desired 5% 
figure. The sling psychrometer reports tempera- 
ture to within an accuracy of approximately 
0.5° C; provided the calibration on the thermom- 
eters is maintained, this also ensures accuracy 
better than 5% over the most common range of 
values of relative humidity, between 20-95%. 
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Relative Humidity 
Protocol - Looking At 
Your Data 


Are the data reasonable? 


To determine if the relative humidity data you 
collect are reasonable, it is important that you 
know what to expect the values for relative hu- 
midity to be. 


Relative humidity is inversely dependent on tem- 
perature. This means that for a given air mass, as 
temperature rises, relative humidity falls, as long 
as the amount of water vapor contained in the air 
remains the same. If your relative humidity ob- 
servations are taken at local solar noon, near the 
warmest part of the day, you will be measuring 
relative humidity when it is likely to be near its 
minimum value for the day. 


When relative humidity reaches 100%, the air is 
said to be saturated. For air at a given tempera- 
ture and pressure, any additional water vapor 
added to the air will condense as rain drops (or 
freeze as ice particles if the air is cold enough). 
For clouds to form, the air must be saturated. 


Dew point temperature is another measure of 
humidity. The dew point is the temperature at 
which condensation begins to occur for air with 
à given water vapor content at a given pressure. 
While the relative humidity changes with tem- 
perature, the dew point remains constant because 
the water vapor content is not changing. When 
you look at the dew point temperature, remem- 
ber that it will always be less than the air 
temperature, unless the air is saturated, in which 
case they are equal. If you measure relative hu- 
midity several times during the same day, the dew 
point temperature should remain the same un- 
ess a weather front has moved through the area. 


Determination of the dew point temperature from 
the air temperature and relative humidity is a com- 
plicated calculation that the GLOBE server will 
do automatically for you so that visualizations and 


t ; 
us of dew point temperatures may be exam- 
ed. 


s points are illustrated in figure AT-RH-4, 
ich shows hourly values of air temperature, 


dew point temperature, and relative humidity for 
a three-day period at Tallahassee Florida, USA. 
The temperature scale is shown on the left hand 
axis. 


These data were collected using a data logger and 
an automated weather station at Florida State 
University, a GLOBE school. Local solar noon at 
Tallahassee is very near 1800 UTC each day (near 
the time of maximum temperature). Note that the 
temperature (shown in red) has a maximum value 
slightly higher than the previous day, and that in 
each case, it corresponds to the same time that 
the relative humidity (shown in green) is at its 
minimum. The relative humidity is at its maxi- 
mum in the early morning (near 1200 UTC), 
when the temperature is at its lowest. Note how 
the dew point temperature (shown in blue) and 
air temperature are very close to each other at this 
time. These observations all indicate that the data 
appear to be reasonable. 


Your relative humidity data should always be pro- 
vided as a percentage between 0 and 10096. Your 
dew point temperature should always be less than 
or equal to your current temperature observations. 
Most importantly, unless your observations are 
taken during fog or precipitation events, your rela- 
tive humidity should be less than 100%. 


What do scientists look for in these 
data? 


Scientists look at trends in relative humidity over 
different time periods. For instance, changes dur- 
ing a day may be related to sea breezes in coastal 
areas. In GLOBE, relative humidity usually is 
taken only once per day, near local solar noon. So 
with GLOBE data scientists examine trends in rela- 
tive humidity over periods of days. 


Scientists use relative humidity changes to fore- 
cast the weather. For example, they might look at 
temperature, relative humidity, and dew point to 
predict the likelihood of showers on a given day. 
In Figure AT-RH-4, note that the local solar noon 
relative humidity value increased by a small 
amount each day, This indicates a gradually moist- 
ening environment. That observation is more 
clearly shown by the dew point temperature val- 
ues that have an upward trend throughout the 
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period. Note that unlike temperature and relative 
humidity, the dew point temperature does not 
exhibit a strong diurnal cycle. 


Figure AT-RH-5 shows a graph of temperature and 
relative humidity data for Norfork Elementary 
School in Arkansas, USA. These data vary con- 
siderably from day to day. Let's try to understand 
the data better by first focusing on the axes. On 
the abscissa, or x-axis, time begins on 1 October 
2000 and ends in September 2001, so nearly one 
year of data are plotted. Data are available for each 
day with few missing observations; even week- 
ends are included! Now examine the ordinates, 
or y-axes (there are two of them). On the left, we 
find the scale for temperature, and on the right, 
we find the scale for relative humidity, 


It is difficult to see that the temperature versus 
relative humidity relationship we described ear- 
lier exists here, but we can smooth such data to 
illustrate the relationship. The next figure (AT-RH- 
6) shows a smoothed graph using 5-day running 
averages of the data. To calculate a 5-day running 
average, you average the values for today, the two 
previous days, and the two following days. 


Now the relationship can be seen more clearly. In 
the winter with cold mid-day temperatures, the 
relative humidity is often above 6096, but in sum- 
mer the relative humidity is only rarely above 
60%. This can also be used asa consistency check, 
to help to ensure your data are reasonable. These 
observations may also be used to examine the in- 
fluence of temperature on relative humidity, when 


actual water vapor content does not change very 
much. 


We can of course observe the progression of tem- 
perature throughout the year, with the coldest 
temperatures in December and January. Note how 
the relative humidity is a near maximum for many 
of these winter days! There can of course be dry 
days during winter months as well, and scientists 
use relative humidity Monitoring to classify air 
masses. These air mass identifications help me- 
teorologists identify and monitor frontal systems 
and provide useful weather forecasts. Climatolo- 


gists also use relative humidity to classify climates 
for various locations, 


One of the main climatic controls that Scientists 
recognize is how close a location is to a large body 
of water, such as a sea or ocean. Lets look at two 
GLOBE schools’ humidity data to see if we recog 
nize such a relationship. We will use the dew Point 
temperature rather than the relative humidity 
here, to examine only the affect of water vapor 
content, Relative humidity, remember, includes 
both water vapor effects, and temperature effects, 


Figure AT-RH-7 illustrates observations from two 
schools in Europe, the Istituto Tecnico Industriale 
Fermi, in Naples, Italy, and the Hermann Lietz- 
Schule Haubinda in Germany. Remember that the 
dew point temperature will illustrate only how 
the water vapor content of the air at a weather 
station changes over time. The graph illustratesa 
plot of three months of observations from winter 
2001 (January through March), and on every day 
for which observations were taken from these two 
schools, you can see how the dew point tempera- 
ture at Naples, located on the Mediterranean Sea, 
was much higher than the dew point at Haubinda, 
located far inland. 


Although elevation, latitude, and air motion (the 
other major climatic controls) may help to explain 
some of these differences, how close a station is 
to large bodies of water will play a large role, in 
general, due to the large amount of evaporation 
that takes place in coastal regions. A useful project 
for GLOBE coastal schools is to compare the dew 
point values calculated from their data with those 
from a school at roughly the same latitude and 
elevation that is well inland from the same body 
of water. Is the relationship similar? 


It is interesting to see how relative humidity is 
related to other meteorological variables. Natu- 
tally, as evaporation increases, relative humidity 
increases. So, we would expect to find a relation- 
ship with cloud cover, since clouds require f 
relative humidity at their altitudes of 100%. We 
measure relative humidity near the ground, no 
at the cloud base, but in general, relative humid- 
ity increases with altitude up to 100% at the base 
of the clouds. This is true for low clouds, in pr 
ticular. Figure AT-RH-8 shows a plot of relative 
humidity and cloud cover from Gladstone High 
School in South Australia for July and August 0 
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2001 (during winter). Note that on this graph 
relative humidity is shown as a red graph with 
connected lines, and the cloud cover is indicated 
as a single square for each days cloud cover ob- 
servation. There are several days when the relative 
humidity is at or below 50%, and on each of these 
days, the cloud cover was clear or isolated. Only 
when the relative humidity approaches 60% was 
scattered cloud cover observed in these two 
months. Broken and overcast skies occurred only 
when the relative humidity was greater than 50%. 
The relationship is not perfect, but for most days 
it is clear that when relative humidity is high, 
cloud cover is more likely to be high than not. 


You can test the hypothesis that there is a rela- 
tionship between cloud cover and relative 
humidity for a school like Gladstone by averag- 
ing the relative humidity for all days for various 
cloud covers. Lets test the hypothesis that on av- 
erage as relative humidity increases, cloud cover 
also increases. Using data from Gladstone as an 
example, lets compute the average relative hu- 
midity for the scattered cloud cover days and the 
isolated cloud cover days. These calculations are 
shown in the box below. 


Based on these limited observations, our hypoth- 
esis has been supported. In general scientists 
would want to use equal numbers of days for such 
tests and comparisons, and also would want to 
use at least 30 observations for each. You could 
do this for all your cloud cover and relative hu- 
midity observations to see how well this 
relationship holds for your location. 


An Example of a Student Research 
Investigation 

Designing an Investigation 

Heikki, a student at Juuan Lukio/Poikolan Koulu 
in Juuka, Finland has been taking relative humid- 
ity measurements along with other students at his 
school. In studying climate, his teacher mentioned 
the moderating effect on air temperature of near- 
by large water bodies. When he asks questions 
about how this works, his teacher mentions that 
evaporation from the water causes higher levels 
of relative humidity and that it takes more energy 
to heat or cool moist air than dry air. 


Heikki decides that this would make a good in- 
vestigation. He wonders if relative humidity values 
from inland schools will be lower on average than 
the values from a coastal school. After looking at 
the GLOBE archive he selects three inland schools 
and one coastal school. He also decides to only 
look at data from late spring and early summer 
when ice will not be covering the water body. Table 
AT-RH-2 shows the data he found for these four 
schools. 


Scattered Cloud Cover 


38 + 68 + 41 + 62 + 64 = 54.6% average relative humidity for scattered cloud cover days 


5 


Isolated Cloud Cover 


54 + 55 +27 + 42 + 43 + 36 + 31 = 41.1% average relative humidity for isolated cloud cover days 


7 
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Table AT-RH-2. Relative Humidity at GLOBE Schools from Heikki's Sample 
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Collecting and Analyzing Data 

Heikki calculates the average relative humidity 
for each of these schools by adding up all values 
reported for this time period from each school 
and dividing the sum by the number of days for 
which data were reported. His results are given 
on the next-to-last line of Table AT-RH-2. 


Heikki asks a younger student if she would fig- 
ure out whether the coastal school has higher 
relative humidity than the inland schools. She 
decides to look at which school reported the larg- 
est value for relative humidity each day and to 
count how many days each school’ value was 
highest. She noticed that some days, only three 
schools reported data, so she skipped those days. 
Her results are given on the last line of Table 1. 


Heikki is quite surprised to find that both the 
younger students approach and his found that 
one of the inland schools had the highest relative 
humidity overall for this time period. The coastal 
school was only second highest. 


Heikki concludes that there are clearly exceptions 
to the general rule about how relative humidity 
varies between coastal and inland schools. His 
teacher asks what more he could do to investi- 
gate the. The teacher tells Heikki that he could 
look for more schools in Finland with the rel- 
evant data, look for sets of inland and coastal 
schools from another country, or try to learn more 
about the geography of the school which had 
higher relative humidity than the coastal school 
in his study. 


The teacher points out that Heikki’ investigation 
did not examine the moderating effect of relative 
humidity on air temperature, nor did his investi- 
gation include the effects of altitude. They agree 
that Heikki will do a study of this as part of a 
group investigation with several of his classmates. 
The group discusses the concept they are going 
to study and decides that they will compare the 
difference between maximum and minimum air 
temperature for each day with the relative hu- 
midity data. Since the maximum and minimum 


air temperatures cover a 24-hour period that be- 
gins one day and ends the next, the group 
concludes that they will compare with the aver- 
age relative humidity for each two-day pair. These 
data comparisons are shown in Table AT-RH-3. 
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Figure AT-RH-9: Average Temperature Range Plotted as a Function of Average Relative Humidity for Schools in the 
Study Sample 


UU 
100 == 
* 
Ф € KA * * 
л 
й + + ыі M 
L aa à s 
Pa + Te * 
i. $4 M a tt. + * 
E $$ 5 
с + * ^t T 
$ d, ¢ + * Ф 
a v 
© * * + + * *?e +f 
B * + .¢ too ў? Род 
2 айй * we 
¢ + % 
onu z 
E *. 
na 
Оол 2n ай вй ал 100 120 1«.0 180 180 юй 220 


Temperature Range (deg C) 


Figure AT-RH-10 


1000 


Average Relative Humidity (26) 


05 Dov Bll ee DRT oon ds 18D ап 200 220 


Temperature Range (deg C) 


GLOBE* 2003 Relative Humidity Protocol - 18 Atmosphere 


communicating Results 

The students calculate temperature range for each 
day for each school and then graph all the points 
together with temperature range on the y-axis and 
relative humidity on the x-axis. Figure AT-RH-9 
shows the result. 


The students can see that for low temperature 
ranges (for example, less than about 4°C), the 
average relative humidity reported is generally 
above 4596, and as the temperature ranges get 
larger, lower relative humidity values are reported. 
In fact, for high temperature ranges (greater than 
16°C), only one observation of relative humidity 
greater than. 7096 is reported, all the remaining 
observations are less than 6096. So, there indeed 
does appear to be a good relationship between 
these datasets. 


This relationship is an inverse relationship, be- 
cause as one variable increases, the other variable 
tends to decrease. If we tried to develop a line 
that best fits the data points, which might be used 
to try to forecast relative humidity from the tem- 
perature range, it might look like the line shown 
in Figure AT-RH-10. This line is called a least 
squares fit line, and it measures the best "straight- 
line" representation of the data that are plotted. 


Future Research 


The results are so encouraging that Heikki de- 
cides next to investigate the effects of altitude to 
see if he can explain his surprising results from 
the first experiment, and to look further at other 
geographic areas to see if the conclusions here are 
the same as his findings. He looks forward to the 
results from these investigations and the possible 


S collaborations to which they may 
ead. 
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Precipitation Protocols 


Purpose 

To determine the amount of moisture input to 
the local environment by measuring rain and 
snowfall and to measure the pH of precipita- 


| ton 


Overview 

Students use a rain gauge and a snowboard to 
measure the daily amount of precipitation that 
has occurred. Students measure the depth and 
rain equivalent of each days snow and of the 
total snowpack. Special pH measuring tech- 
niques for precipitation are used to determine 
the pH of rain and melted snow. 


Student Outcomes 

Students will understand that precipitation is 
measured in depth and this depth is assumed 
to apply to a large area, that precipitation has a 
pH that can vary, and that snow is an input of 
water to the surface just like rain and each 
snowfall is equivalent to some amount of rain- 


fall. 


Science Concepts 
Earth and Space Science 
Weather can be described by quantitative 
measurements. 
Weather changes from day to day and over 
the seasons. 
Weather varies on local, regional, and 
global spatial scales. 
Precipitation forms by condensation of 
water vapor in the atmosphere. 
Physical Science 
Materials exist in different states. 
Geography 
The nature and extent of precipitation 
affects the characteristics of the physical 
geographic system. 
Scientific Inquiry Abilities 
Use a rain gauge to measure rainfall and 
rain equivalent of snow. 
Use pH paper, pen, or meter to measure pH. 


Use meter sticks to measure snow depth. 

Identify answerable questions. 

Design and conduct scientific 
investigations. 

Use appropriate mathematics to analyze 
data. 

Develop descriptions and explanations 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and 
explanations. 


Time 

In the field: 5 minutes for rain, 
10-15 minutes for snow 

In the lab: 5 minutes for snow rain equivalent 
5 minutes for pH 

Maintenance: 10 minutes weekly for cleaning 
the rain gauge 

Level 

All 


Frequency 


Daily within one hour of local solar noon 


Materials and Tools 
Installed rain gauge 
Snowboard 
Clean containers for pH samples 100 mL or 
larger 
Two or three containers for snow samples 
Carpenter’ level 
Meter stick 
pH paper OR meter and pH buffers 
Salt and salt card or tweezers 
Sampling jar with lid 
300 mL beakers or cups 
Tweezers 
Stirring rods or spoon 
Latex gloves 
Atmosphere Investigation Data Sheet 
Distilled water for cleaning rain gauge 
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- Preparation 
Install the rain gauge. 
Construct a snowboard. 
Read and be familiar with the Hydrology 
Investigation pH Protocol. 


Prerequisites 


None 


Precipitation Protocols — 
Introduction 


Earth is the only planet in our solar system where 
significant amounts of liquid water flow on the 
surface. All life depends on water. The water in 
the atmosphere, which plays an essential role in 
determining the weather, is part of the larger hy- 
drologic cycle. In this cycle, water evaporates from 
the oceans and land into the atmosphere, falls back 
to the surface as precipitation, and returns to the 
sea on the surface in rivers and streams, and un- 
derground. Through this process, energy and 
chemicals are transported from place to place 
shaping our climate, giving us storms, and put- 
ting salt in our oceans and seas. 


Precipitation refers to all forms of liquid or solid 
water that fall from the atmosphere and reach 
Earth’ surface. Liquid Precipitation includes rain- 
fall and drizzle: solid precipitation includes snow, 
ice pellets, and hail. How much precipitation falls 
in a region, when it falls within the year, whether 
it falls as rain or snow, and the amount that falls 
in individual events helps define the climate of 
that region. When water is scarce, deserts occur, 
When there is plenty of water, there may be an 
abundance of plant growth. Winter rains are associ- 
ated with Mediterranean climates, The water supply 
for many great rivers is the melting of the snow pack 
high in the mountains, Knowing how much pre- 
cipitation falls and how much and when snow melts 
is key to understanding local and global climate. 


When we study the history of Earths climate, we 
notice that precipitation in all regions changes over 
time. For example, satellite images show that great 
rivers used to run through the Sahara Desert. 
There is scientific evidence that a shallow sea once 
covered much of the United States. All of these 
changes happened long before people lived in these 
regions. What changes are happening now? 


Scientists do not have a very good idea of how 
much of the water cycle is made up of snowfall, 
Although the depth of snowfall can be measured 
using a relatively simple instrument (a meter 
stick), making accurate measurements is some- 
what difficult because of the tendency of snowto 
blow around. In addition, not all snowfalls of the 
same depth contain the same amount of water If 
you have ever lived in a place where there is Snow, 
then you know that some snowfalls are light and 
fluffy (and don't make very good snowballs!), and 
some are heavy and wet (and are great for mak- 
ing snow people). In order to get an accurate idea 
of how much water is tied up in snowfall we need 
to measure both the depth and the rain equiva- 
lent of snow, 


The atmosphere contains small amounts of many 
different chemicals. Some are in the form of gases 
but others are small particles suspended in the 
air called aerosols. These gases and particles are 
Picked up in raindrops and snowflakes and we 
can’t measure them all, but many of them change 
Precipitation pH, which can be measured easily. 
The pH of the precipitation helps determine the 
effect of rainfall and snowfall on soil, vegetation, 
lakes, and streams. 


Some rainstorms and snowstorms are big, cover 
ing whole regions, while others may be only 10 
km across or even smaller. Within a storm, the 
amount of precipitation that falls and its pH vary 
from one place to another and may change dur- 
ing the course of the storm. It is not practical to 
catch and measure every raindrop or snowflake. 
We have to be content with samples collected in 
different places, but with more samples, our overall 
dataon precipitation becomes more accurate. Every 
GLOBE school improves the knowledge of precipi- 
tation in its surrounding area! 
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Precipitation Measurements and 
Sampling 

Scientists who model the hydrologic cycle need 
to know the total amount or volume of water that 
falls from the atmosphere to Earth’s surface. When 
meteorologists and others measure precipitation 
they measure the depth of rain or snow that has 
fallen in a given amount of time. Rain gauge mea- 
surements, such as those done by GLOBE 
students, sample the amount of precipitation that 
falls. To get the total amount, you assume that 
the same depth of water fell over the area sur- 
rounding the rain gauge. See Figure AT-PP-1. If 
there is only one rain gauge in a region, this area 
can be quite large; the larger the area, the poorer 
the assumption. As more schools and others mea- 
sure precipitation depth, the area represented by 
each measurement gets smaller and our knowl- 
edge of this part of the hydrologic cycle improves. 


Measuring just the depth of snowfall isn't enough 
to enable you to know how much water is falling 
on the surface. Anyone who is experienced with 
snow knows that some snowfalls are light, pow- 
dery and relatively dry. Other snowfalls are heavy 


Figure AT-PP- 1 


and wet. To determine the rain equivalent of a 
given snowfall, we need to collect a known quan- 
tity of snow and melt it. 


Just as we can't just put a big bucket outside and 
then use a meter stick to measure the depth of 
rainfall; We can' just go out, collect a bucketful 
of snow and melt it. We need to collect snow to 
melt in a container of known size. The best way 
to determine the liquid water equivalent of snow 
is to use the outer cylinder of your rain gauge as 
your collection devise. By pushing the large cyl- 
inder straight down through the snow you will 
collect snow with an instrument of a known size. 


Water moves through every living plant and ani- 
mal. Chemicals in rainwater can have important 
effects on the land and water ecosystems. As wa- 
ter condenses into raindrops, some chemicals in 
the atmosphere dissolve in them and are carried 
to the surface with the rain. Aerosols (particles 
suspended in the air) also become attached to both 
raindrops and snowflakes and are washed out of 
the atmosphere by precipitation. Scientists call 
these processes wet deposition because through 
these processes precipitation deposits chemicals 
on Earths surface. 


20 mm deep z 
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Scientists want to know how much of every pos- 
sible chemical is deposited; GLOBE students can 
provide some help by measuring the most impor- 
tant chemical property of the precipitation, pH. 
The pH of water is altered as it moves through 
the environment. When water first condenses in 
the atmosphere, its pH is very close to neutral 
(7.0). Then, gases and particles from the atmo- 
Sphere dissolve in the water droplets. This usually 
lowers the pH, making the droplets more acidic, 
but in regions where soil pH is high (8.0 or 
higher), the pH may increase as soil particles 
blown into the air are incorporated in raindrops. 
Normal precipitation in clear air is slightly acidic, 
having a pH of about 5.6. This is due to carbon 
dioxide (CO) and nitrogen in Earth’ atmosphere. 
As water flows over the land surface or though 
the soil, the pH is changed by dissolving chemi- 
cals from the surface or soil. 


Burning of some fuels releases gases (generally 
nitrogen or sulfur oxides) into the atmosphere that 
dissolve in water droplets and make precipitation 
more acidic. If the pH of rainfall is below 5.6 itis 
regarded as acid precipitation, and over a long 
period of time, it can directly harm plants. The 
most serious effect of acid precipitation, however, 
is weakening plants so that they become more 
susceptible to stresses such as cold, disease, in- 
sects, and drought. Acidic Precipitation also 
leaches nutrients out of the soil and can release 
soluble aluminum ions from the soil, which can 
damage tree roots. If these aluminum ions are 
washed into lakes and streams they can harm 
many kinds of fish. In addition to being harmful 
to life forms, acid Precipitation can damage struc- 
tures. Acid precipitation is known to increase 
Corrosion of metals and contributes to the destruc- 
tion of stone structures and statues. In many 
regions of the world famous buildings and Sculp- 
tures are deteriorating at increased rates, 


The changes that can be studied using GLOBE 
precipitation data are those happening on shorter 
time scales of days to years. What is the seasonal 
variation in precipitation? When and how fast 
does snow melt and make its water available to 
the environment? Is this year particularly wet or 
dry for our location? What is the pH of precipita- 


tion and how does it vary? These are some of the | 
questions that interest scientists and can be te 
searched by GLOBE students, 


Measurement Issues 


Daily measurement of rain is desired. This pro- 
vides a full picture of the pattern of rainfall and 
precipitation pH at your school and also ensures 
that the rain gauge is checked daily for debris, 
bird droppings, etc. GLOBE permits reportingof 
rain accumulations for up to 7 days, but as the 
number of days increases, the accuracy of the 
measurement decreases. Some of the water may 
evaporate from the rain gauge, especially when 
its warm, samples may become con taminated, and 
the amount and pH readings may be for a combi- 
nation of storms and weather systems. Despite 
these issues, there is considerable value in know- 
ing the total input of water to your local 
environment over time, and so, reports of the to- 
tal rainfall over several days are important when 
your students are unable to take daily readings. 


It is important to report zero when there is no 
rain. If a school only reports rain when there i 
rain in the gauge, users of the data don't know 
what happened on the other days and this may 
make the data useless. Sometimes rain is spilled 
from the gauge before a reading is taken. In this 
case, always report “M” (missing) as the amount. 
This indicates to scientists using GLOBE data that 
there was rainfall for this day (or period of days) 
but an accurate reading was not obtained. If less 
than half a millimeter of rain is in the gauge, re- 
port “T” (trace) as the amount. See Table AT-PP-1. 


It is important to take daily readings of snowfall. 
However, if this is not possible then the number 
of days since the last reading must be reported to 
GLOBE, along with the next reading. For example, 
Say that you cleared the snowboard on Friday, but 
missed measurements on Saturday and Sunday 
If you then measure snowfall on the board on 
Monday, you would report the total amount of 
new snow on the board, and enter “3” for the 
number of days that the snow accumulated. Even 
if you think you know that all of the snow fell on 
Sunday night, you must still report that you 
measurement on Monday is the accumulation 0 
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Table АТ-РР-1: Reporting Precipitation 


Type of Event 


Report to GLOBE the # of days since your 
last measurement AND...... 


Е rainfall 


8 


Rainfall > 0.5 mm with no problems 
reading the gauge 


| The rainfall amount in your rain gauge 


Very small amount of rain « 0.5 mm 


|. T (for Trace) 


Spilled rain gauge before measurement 
could be made; gauge post fell over; etc 


M (for Missing) 


3 days. As with the rain gauge, accidents do hap- 
pen and there may be a day when the snowboard 
has blown away or has been cleared before a mea- 
surement can be taken. In this case you should 
enter the letter “M” (for missing) for the daily 
snowfall amount. It is important that you record 
a missing value in these cases rather than a zero. 
Although it is a common mistake to substitute 
zero for missing values, this can lead to errone- 
ous analyses of the data later on. However, only 
enter the letter “M” if the snowfall measurement 
is truly lost. That is, don’t enter “M” for days when 
snow was accumulating on the snowboard. For 
example, when snowfall was read on Friday and 
Monday, but allowed to accumulate on Saturday 
and Sunday. DO NOT report *M" for the snowfall 
values for Saturday and Sunday. These values are 
not missing; they are included in the total snow- 
fall reported on Monday. 


Even if no new snow has fallen on your snowboard 
in the past 24 hours, you should take a daily mea- 
surement of the total depth of snow on the ground. 
This observation can give scientists information 
about how quickly snow is melting or sublimat- 
ing (going from a solid form to a gas without first 
turning into a liquid). 


In addition to measuring the amount of rainfall 
(and the rain equivalent for snow) you should 


Figure AT-PP-2: Two Sizes of Salt Crystals 


measure the pH of the rain or melted snow using 
either pH paper or a pH meter. Special consider- 
ations must be made because most precipitation 
has low conductivity and both pH paper and pH 
meters do not perform well for low conductivity 
samples. Adding salt crystals to the rain or melted 
snow will increase the conductivity to an appro- 
priate level. You can use either large salt crystals 
(0.5 mm to 2.0 mm in diameter) or finely ground 
"table" salt (with crystals less than 0.5 mm in di- 
ameter), as shown in Figure AT-PP-2. If you choose 
to use "table" salt you will use a salt card to mea- 
sure the proper amount of salt. A salt card is an 
index card or clean piece of paper that contains 
two circles, one with a diameter of 4 mm and an- 
other with a diameter of 5 mm. You can create a 
salt card by either drawing two such circles on an 
index card or clean piece of paper or tracing or pho- 
tocopying Figure AT-PP-3 onto a clean piece of paper. 
Large salt crystals are added using tweezers. 


Figure AT-PP-3: Example Salt Card to Trace or 
Photocopy onto a Clean Piece of Paper 


Salt Card 


Fill in appropriate circle with a 
single layer of table salt. 


4 mm circle — use with 30-40 mL precipi- 
tated water sample 


5 mm circle — use with 40-50 mL precipi- 
tated water sample 
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Student Preparation 

Liquid Precipitation 

Prior to the actual placement of the rain gauge, 
take a walk with students around the school 
grounds to locate the best places to put the gauge. 
Good questions to help get students started de- 
termining the best places to set up the rain 
gauge would be: 


* Where would you put a rain gauge to 
catch the most rain? Why? (A clever 
student may answer that the place to catch 
the most rain would be under a 
downspout where the gauge could collect 
the rain running off of the roof of a 
building!) 

* Is the place where you would catch the 
most rain the best place for the rain 
gauge? Why? (Remember that your data 
should be representative of the 
surrounding area.) 

As you walk around the school grounds, have the 
students draw a map of the area, Younger stu- 
dents can just sketch the main features, such as 
the school building(s), parking lots, playgrounds, 
etc. Older students should fill in more details such 
as what the playground surface is (e.g. paved, 
grassy, or bare ground). The goal is to have a draw- 
ing of the school grounds so that when a decision 
is made on where to locate the weather instru- 
ments, students can locate them on their map. 
This will allow the students to give a good physi- 
cal description of the area surrounding their 
instruments. In subsequent years, new classes of 
students can repeat this mapping exercise to note 
any changes in the school grounds and to under- 
stand why a specific location was chosen. 


Observing and making a map of the area around 
the rain gauge contributes to four key elements 
of good scientific Practice. First, the maps should 
be included in the student’ individual Science 
Logs as part of students’ documentation of their 
personal observations and notes. Second, a con- 
sensus map should be included in the school’s 
Data Book along with the Data Sheets. Data about 


the conditions under which measurements ate 
made is important metadata — 
and should be retained in each schools Tecords, 
Third, GLOBE site definition sheets and data en. 
try forms provide space for metadata to be entered 
as comments. Scientists must communicate allin- 
formation about their observations that is needed 
for others to use their data. Fourth, all scientists 
should approach any measurement with some 
skepticism and ask themselves questions suchas, 
“What could be influencing my observations and 
giving me inaccurate or unrepresentative data?” 


Solid Precipitation 


Prior to the first snowfall in your area, take a walk 
with students around the school grounds to lo- 
cate the best places to measure the depth of snow, 
They should find an area away from buildings, 
trees, and other objects that may affect the depth 
of snow. Of course, like rainfall, there are small- 
scale variations in snowfall depth. A few questions 
to ask students to help them decide on the best 
place to measure snow are: 

* Is the area of the rain gauge a good place 
to measure snowfall? Why or why not? 

* Do you think different kinds of surfaces 
(e.g. grass, concrete, etc.) affect how much 
snow will accumulate in a particular 
place? 

* What differences do you think you would 
see in snowfall depth over a large flat area 
compared to a very hilly area? 

* How likely is it that someone will disturb 
the snow in this area by walking through 
it or by shoveling snow? Will salt or sand 
from nearby walkways or streets 
contaminate this location? 


The water equivalent measurements of new snow 
and snow pack tie the rain and snow data together 
as elements of the hydrologic cycle. Discuss with 
students the Concepts that there is a rain equiva- 
lent of snow, that snow is water stored on Earth’ 
surface, and the reasons why the samples of snow 
must be taken in the careful manner required by 
the protocols. Students who understand the con- 
cepts of sampling rain and how snow 
measurements relate to rain measurements should 
be more careful and confident in taking data. 
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Questions for Further Investigation 
When does your area get precipitation? Why? 


What would happen if you got only half the nor- 
mal amount of precipitation in a given year? How 
would the effects vary depending on when within 
the year there was less precipitation? 


What would happen if you got double the nor- 
mal amount of precipitation in a given year? How 
would the effects vary depending on when within 
the year there was more precipitation? 


Is the amount of precipitation you get at your 
school the same or different from the amount mea- 
sured at the five nearest GLOBE schools? What 
causes these differences or similarities? 


Where do snow storms and rain storms come from 
before reaching your area? 


Does precipitation pH vary from storm to storm? 
Why? 


How do the amount and timing of precipitation 
relate to budburst and other phenology measure- 
ments? 


How do the amount and timing of precipitation 
in your area relate to land cover? 


How does the pH of precipitation relate to soil 
pH and the pH of nearby water bodies? 


Instrument Maintenance 
and Calibration 


Maintenance 


Even if it has not rained, you should check your 
rain gauge daily to make sure that it is free of de- 
bris (windblown leaves, twigs, papers, etc.). Some 
birds seem to like sitting on the edge of the rain 
gauge and may leave droppings behind! Approxi- 
mately once each month the rain gauge should 
be thoroughly cleaned with water and a bottle 
brush (or equivalent). This is to clean out any 
mold, mildew, or other things that may start to 
grow in the gauge. In very humid regions the 
gauge may need scrubbing more often; in dry ar- 
eas you may only need to scrub the gauge once 
every two or three months (although dry debris 
should still be removed daily). Never use soap or 
detergent when cleaning the rain gauge because 
the residue will contaminate your precipitation 
pH measurements. 


Bring the rain gauge indoors when the tempera- 
ture falls below freezing. This will prevent the 
measuring tube from cracking. However, if you 
are in a transition season where temperatures can 
range from below freezing to above freezing dur- 
ing a 24-hour measurement period and both rain 
and snow are possible, you can leave the large 
overflow tube outside without the small measur- 
ing tube and funnel. This part of the rain gauge is 
less likely to crack. Any precipitation that falls 
into the large overflow tube can be brought in- 
doors and poured into the small tube for accurate 
measurement. 


Little maintenance is needed for the snowboard. 
The main things are to make sure the snowboard 
is cleared off after each measurement, and to check 
the board occasionally to make sure it has not 
warped. 


Calibration 

To ensure that your rain gauge is level, you sim- 
ply need to put a carpenter’ level across the top 
of the funnel of the gauge in two directions. A 
carpenters level is a straight piece of board that 
has small glass tubes running in one or more di- 
rections. Each glass tube has markings on it, and 
an air bubble inside. 
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Rainfall Protocol 
Field Guide 


Task 
Measure the amount of rain that has collected in your rain gauge. | Ыф ---|----. + 


Measure the pH of the rain. 


Prepare the rain gauge to collect more rain. 


What You Need 
Û A properly sited and mounted rain gauge Û Atmosphere Investigation Data Sheet 
О Clean sampling jar with cover for О Appropriate Precipitation pH Lab Guide 
H measurement samples 
J ү О Pen or pencil 


In the Field 


1. Read the level of the water in your rain gauge; be sure your eyes are level with the water in the 
measuring tube. Read the level at the bottom of the meniscus. 


N 


. Record the rainfall amount to the nearest one-tenth of a millimeter. 
If there is no water in the rain gauge report 0.0 mm. 
If there is less than 0.5 mm, record “Т” for trace. 
If you spill any water before measuring the amount of rain, record *M" for missing as 
the amount. (If you have only spilled a little, record the amount not spilled as metadata.) 


e 


Pour the water into the sampling jar and cover it for the pH measurement. 


ES 


. If there is water in the overflow tube: 
a. Remove the measuring tube from the overflow tube. 


b. Read the level of water in the measuring tube holding it so that your eyes are level with 
the meniscus. 


c. Record the amount to the nearest one-tenth of a millimeter. 

d. Pour the water from the measuring tube into the container for the pH measurement. 
e. Pour water from the overflow tube into the measuring tube. 

f. Repeat steps b through e until the overflow tube is empty. 

8. Add your measurements and record the sum as the rainfall amount. 


en 


Record the number of days rain has accumulated in the gauge. (The number of days since the 
rain gauge was last checked and emptied.) 


o 


Perform the appropriate Precipitation pH Lab Guide (depending on which type of pH 
measuring device and salt you are using). 


7. Dry the rain gauge and remount it on its post. 
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Solid Precipitation Protocol 


Field Guide 


Task 


Measure the amount of new snow that has collected on your snowboard. 


Measure the total depth of snow on the ground. 


Obtain samples of new snow and snowpack for pH measurement. 


Obtain samples of new snow and snowpack to determine the water equivalent. 


Prepare the snowboard to collect more snow. 


What You Need 
U А meter stick (or a longer measurement U А container for the snowpack 
pole if snow accumulates to more than rain equivalent sample 


a meter in depth 


ÛÛ Something flat and clean to slide under 


О Snowboard inverted containers 


QA straight-sided container 


ÛÛ Atmosphere Investigation Data Sheet 


О The overflow tube from your rain gauge 


О Pen or pencil 
О two clean sampling jars with covers 
for the pH samples U Labels for snow samples 
In the Field 
1. Insert the measuring stick vertically into the snow until it rests on the ground. Be careful not 


. Report these numbers as the depth of new snow. Ift 


to mistake an ice layer or crusted snow for the ground. Read and record the depth of the 
snowpack. 


. Repeat the measurement in at least two more places where the snow is least affected by 


drifting. 


‚ Report all three of these numbers as the total snowfall. If the snowpack is so small that a depth 


cannot be read, record the letter "T" (for trace) for total snowpack. 


. After a new snow has fallen on earlier snow, gently insert the measuring stick vertically into 


the snow until it touches the snowboard. Read and record the depth of new snow. If no new 
snow has fallen, record 0.0 as the depth of new snow. 


. If there is new snow, take at least two more measurements at different spots on the 


snowboard. 


he snowfall is so small that a depth cannot 


be read, record the letter “T” (for trace) for new snow. If the snow on the snowboard has been 


disturbed before you can take an accurate measurement, report “М” for missing. 


‚ Record the number of days since the last reading of snow on the snowboard. 
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Solid Precipitation Protocol Field Guide - Page 2 


Taking Samples for the Lab 


8. 


After you have measured the depth of new snow on the snowboard and of the snowpack, take 
a straight-sided container (such as the overflow tube from the rain gauge), and hold it straight 
up and down over the snowpack, well away from the snowboard. Choose a place where the 
snow has not been disturbed. Push the container down until it almost touches the ground, 


9. Slide something flat and clean under the container just above the ground and turn the 
container right side up. Be sure not to lose any snow. 

10. Save this sample in a clean container, cover it, label it “snowpack pH”. 

11. Take the overflow tube from the rain gauge, and hold it straight up and down over the snow 
away from the snowboard. Choose a place where the snow has not been disturbed. Push the 
tube down until it touches the ground. 

12. Save this sample in your tube or another container, cover it, label it “snowpack rain 
equivalent”. 

13. Hold a straight-sided container straight up and down over the snowboard. Push the container 
down until it almost touches the board’ surface. 

14. Slide something flat and clean under the container just above the board and turn the 
container right side up. 

15. Save this sample in a clean container, cover it, label it “new snow pH”. 

16. Hold the overflow tube from your rain gauge straight up and down over the snowboard. Push 
the tube down until it touches the board’ surface. Slip something flat under the tube and turn 
it right side up OR hold the tube to the board and flip the board and tube over. Be sure not to 
lose any snow. 

17. Saye this sample in your overflow tube or another container, cover it, label it “new snow rain 
equivalent”, and take it inside with you. 

18. Once you have taken your samples, place the snowboard on top of existing undisturbed 
snow. Push the snowboard gently into the snow so that its surface is even with the surface of 
the snow. Place a flag or other marker nearby to help you locate the snowboard after the next 
snowfall. 

19. Take your labeled samples inside to melt and measure. 

GLOBE* 2003 Precipitation Protocols - 10 Atmosphere 


ў 


solid Precipitation Protocol 


Lab Guide 


Task 


Determine the liquid water equivalent of new snow fall and total snowpack. 


Determine the pH of the new snow and the snowpack. 


What You Need 

О samples from the field Û Appropriate Precipitation pH Lab Guide 
(pH and rain equivalent for 
new snow and snowpack) 


О The small measuring tube from Û Atmosphere Investigation Data Sheet 
your rain gauge 


In the Lab 
1. Once your snow samples are indoors, allow them to melt. Be sure they are covered to prevent 
evaporation. 


Pour the melt water from the *new snow" sample into the measuring tube of the rain gauge 
(you may want to use the rain gauge funnel to help). 


r2 


ә 


Read and record the rain equivalent in millimeters to the nearest 10th of a millimeter. 


If there is more water than can fit into the measuring tube, empty the tube and repeat steps 2 
and 3 and add the amounts. 


= 


U 


Record this as the rain equivalent on your Data Sheet. 


о 


‚ Pour melted snow water back into the sample jar. 


~ 


. Perform the appropriate Precipitation pH Lab Guide (depending on which type of pH 
measuring device and salt you are using) on the pH sample. 


со 


Repeat steps 2-7 for the “snowpack” sample. 
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Precipitation pH Using pH Paper and 
Large Salt Crystals 1 


Lab Guide 


Task 


Measure the pH of your precipitation using pH paper and large salt crystals. 


What You Need 

Û Atmosphere Investigation Data Sheet Û 3 Clean 100 mL beakers or cups 

Û Large salt crystals (0.5 mm to 2.0 mm О Covered sample jar containing at least 30 mL of 
in diameter) rain or melted snow 

Ч Tweezers Û Latex gloves 

Û Stirring rod or spoon О Pen or pencil 

Ц pH paper Û Distilled water in wash bottle 

In the Field 1 
1. Pour a 50 mL (or less if you do not have 50 mL) sample of rain or melted snow from your i 


sample jar into a clean beaker. You must have at least 30 mL of sample to measure pH. 
Put on latex gloves. 


Use tweezers to add one salt crystal into the beaker. 


сМ AO 


Stir the beakers contents thoroughly with stirring rod or spoon until salt is dissolved. 


E 


Follow the instructions that came with the pH paper to measure the pH of the sample. Record 
the pH value on your Data Sheet. 


[э] 


. If you have at least 30 mL of rain or snow left in your sample jar then repeat steps 1-5. 
Otherwise, repeat step 5. Continue until you have collected a total of 3 pH measurements. 


em 


Calculate the average of the 3 pH measurements and record on your Data Sheet. 


9 


Check to make sure that each measurement is within 1.0 pH unit of the average. If they are 
not within 1.0 unit of the average, then repeat the measurements. If your measurements are 
still not within 1.0 pH units of the average, discuss possible problems with your teacher. 


Kel 


. Discard used pH paper in a waste container and rinse the beakers and sample jar three times 
with distilled water. | 


GLOBE* 2003 Precipitation Protocols - 12 Atmosphere 


precipitation pH Using pH Paper and 
“table” Salt 


Lab Guide 


Task 
Measure the pH of your precipitation using pH paper and “table” salt. 


What You Need 

Û Atmosphere Investigation Data Sheet О з clean 100 mL beakers or cups 

О Finely ground “table” salt (crystals (О Covered sample jar containing at least 30 mL 
less than 0.5 mm in diameter) of rain or melted snow 


О Salt card consisting of 4 mm and 5 mm 


à А ÛJ Latex gloves 
circles drawn on a card or piece of paper 


Ц stirring rod or spoon ÛJ Pen or pencil 


Ц pH paper ÛÛ Distilled water in wash bottle 
In the Field 
1. Pour a 50 mL (or less if you do not have 50 mL) sample of rain or melted snow from your 


sample jar into a clean beaker. You must have at least 30 mL of sample to measure pH. 


N 


. Put on latex gloves. 


Эу 


Sprinkle salt onto the appropriate circle on your salt card. If your rain or melted snow sample 
is 40-50 mL, use the large 5 mm circle on the salt card. If your rain or melted snow sample is 
30-40 mL, use the small 4 mm circle. 


Fill the appropriate circle with a single layer of salt. Remove any excess salt from the salt card. 


Pour the salt covering the circle on your salt card into the beaker. 


Stir the beakers contents thoroughly with stirring rod or spoon until salt is dissolved. 


= jor sm ib 


Follow the instructions that came with the pH paper to measure the pH of the sample. Record 
the pH value on your Data Sheet. 

8. If you have at least 30 mL of rain or snow left in your sample jar then repeat steps 1-7. 

Otherwise, repeat step 7. Continue until you have collected a total of 3 pH measurements. 

9. Calculate the average of the 3 pH measurements and record on your Data Sheet. 


10. Check to make sure that each measurement is within 1.0 pH unit of the average. If they are 
not within 1.0 unit of the average, then repeat the measurements. If your measurements are 
still not within 1.0 pH units of the average, discuss possible problems with your teacher. 


11. Discard used pH paper in a waste container and rinse the beakers and sample jar three times 


with distilled water. 
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Task 
Measure the pH of your precipitation using a pH meter and large salt crystals 
What You Need 
Û Atmosphere Investigation Data Sheet Û 3 Clean 100 mL beakers or cups 
О tweezers (0.5 mm to 2.0 mm in diameter) 
О Covered sample jar containing at least 
| c = i 
U Large salt EAS 30 mL of rain or melted snow 
U Pen o il 
Е еп ог репсі етее 
Н meter 
Lure О Distilled water in wash bottle 
m) pH buffers 4, 7, and 10 
ё 
In the Field ў 

1. Put on latex gloves. 

2. Calibrate your pH meter according to the instrument instructions, using the pH buffers. Be 
Sure to use enough standard to completely cover the tip of the electrode 

3. Rinse electrode thoroughly with distilled water. Any remaining standard can contaminate your 
sample. 

^. Pour a 50 mL (or less if you do not have 50 mL) sample of rain or melted snow from your 
sample jar into a clean beaker. You must have at least 30 mL of sample to measure pH. 

5. Use tweezers to add one salt crystal to the beaker. 

6. Stir the beakers contents thoroughly with stirring rod or spoon until salt is dissolved. 

7. Follow the instructions that came with the pH meter to measure the pH of the sample and 
record the measurement on your Data Sheet. (Note: the electrode must be completely covered 
with sample water). 

8. If you have at least 30 mL of rain or snow left in your sample jar then repeat steps 4-7. 
Otherwise, repeat step 7. Continue until you have collected a total of 3 pH measurements. 

9. Calculate the average of the 3 pH measurements and record on your Data Sheet. 

10. Check Nes sure that each measurement is within 0.2 pH units of the average. If they are 
not with 0.2 units of the average, repeat the measurements. If your measurements are still not 


within 0.2 pH units of the average, discuss possible problems with your teacher. 


11. Rinse the beakers and sample jar three times with distilled water. 
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precipitation pH Using pH Meter and 
“Table” Salt 


Lab Guide 


Task 

Measure the pH of your precipitation using a pH meter and *table" salt. 

What You Need 

O Atmosphere Investigation Data Sheet О 3 clean 100 mL beakers or cups 

O Finely ground “table” salt О Covered sample jar containing at least 30 mL 
(crystals less than 0.5 mm in diameter) of rain or melted snow 

О salt card consisting of 4 mm and 5 mm Û Latex gloves 
circles drawn on a card or piece of paper О Pen or pencil 

О Stirring rod or spoon О Distilled water in wash bottle 


Û pH meter 
Û pH buffers 4, 7, and 10 


In the Field 


d. 
pis 


E Ww 


[o 
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13. 


‚ Check to make sure that each measurement is within 0. 


Put on latex gloves. 
Calibrate your pH meter according to the instrument instructions, using the pH buffers. Be 
sure to use enough standard to completely cover the tip of the electrode. 


. Rinse electrode thoroughly with distilled water. Any remaining standard can contaminate your 


sample. 


. Pour a 50 mL (or less if you do not have 50 mL) sample of rain or melted snow from your 


sample jar into a clean beaker. You must have at least 30 mL of sample to measure pH. 


. Sprinkle salt onto the appropriate circle on your salt card. If your rain or melted snow sample 


is 40-50 mL, use the large 5 mm circle of the salt card. If your rain or melted snow sample is 
30-40 mL, use the small 4 mm circle. 

Fill the appropriate circle with a single layer of salt. Remove any excess salt from the salt card. 
Pour the salt covering the circle on your salt card into the beaker. 

Stir the beakerss contents thoroughly with stirring rod or spoon until salt is dissolved. 


Follow the instructions that came with the pH meter to measure the pH of the sample and 
record the measurement on your Data Sheet. (Note: the electrode must be completely covered 


with sample water) 


. If you have at least 30 mL of rain or snow left in your sample jar then repeat steps 4-9. 


Otherwise, repeat step 9. Continue until you have collected a total of 3 pH measurements. 


‚ Calculate the average of the 3 pH measurements and record on your Data Sheet. 


2 pH units of the average. If they are 


not with 0.2 units of the average, repeat the measurements. If your measurements are still not 


within 0.2 pH units of the average, discuss possible problems with your teacher. 
Rinse the beakers and sample jar three times with distilled water. 
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Frequently Asked Questions 


1. Why do we have to check the rain gauge 
every day, even if we know it hasn't rained? 
The problem with containers like a rain gauge is 
that they tend to collect more than just rain. 
Leaves, dirt, and other debris can quickly spoil 
the rain gauge as a scientific instrument. This de- 
bris can block the funnel, causing rainwater to 
flow out of the gauge. Even if the debris isn’t large 
enough to block the funnel, it may become mixed 
in with the rainwater and affect the level of pre- 
cipitation you read or the pH reading. Therefore, 
it is important that you check the gauge daily to 
make sure it is free of dust and debris. 


2. What is solar noon, and how do we figure 
out when it is in our area? 

Local solar noon is a term used by scientists to 
indicate the time of day when the sun has reached 
its highest point in the sky in your particular lo- 
cation. The easiest way to determine local solar 
noon is to find out the exact times of sunrise and 
sunset in your area, calculate the total number of 
hours of daylight between those times, divide the 
number of daylight hours by two, and add that 
number to the time of sunrise. See the examples 
in Solar Noon in the section on Measurement Lo- 
gistics. 


3. When should we put our snowboard 
down? 

The nice thing about the snowboard is that you 
don’t have to anticipate the first snowfall. The 
snowboard doesn’t have to go out until you al- 
ready have snow on the ground. The purpose of 
the snowboard is to provide a barrier between old 
snow and new snow, so that you can measure the 


depth, liquid water equivalent, and pH of new 
snowfall. 


4. Can we leave the overflow tube of our rain 
gauge out as a snow catcher? 

Unfortunately, this won't work. Snow blows 
around too much to get an accurate measure of its 
depth using a rain gauge. Plus, we need to get 
several measurements of snow depth and average 
them to get a more accurate measure of the depth 
of snow in a region. However, on days where the 
temperature will be both above and below freez- 
ing, leave the overflow tube out to catch both rain 


and snow. The snow on these days is 
usually wet and heavy and doesn't blow 

as much and melts before local solar noon, You 
can measure the water in the overflow tube to ge 
the rain equivalent of the snow plus any rainfall 


5. What do we do if the depth of new snow 
or snowpack is greater than the depth of our 
container? 

Compact the snow in the container. If there is too 
much snow to fit in the container, push the con- 
tainer as far down as it will go and then pullit 
out. 


If the snow stays in the container, empty it intoa 
separate container which can be of any shape; or 


If the snow does not come up with the container, 
use a small shovel or similar tool to dig the snow 
out of the column made by the container. Put all 
the snow in a separate container which can be of 
any shape. 


Then push your straight-sided container further 
down in the snow continuing the hole where your 
first sample was taken, and repeat these steps until | 
you have a sample that goes from the surface of 
the snow to the ground or the snowboard. 


6. The snow protocol asks for up to four 
samples to be taken for pH measurements, 
and we only have one overflow tube; what 
can we do? 

The pH samples do not need to be taken using 
the overflow tube. Any straight-sided container 
will do provided it is clean and will not contami- 
nate the pH reading of the snow. Sometimes pH 
changes during a rain or snow storm and GLOBE 
wants the pH of the total precipitation that has 
fallen in the past дау. The important points I? 
sampling are: 

1. avoid collecting snow that could be 
contaminated by contact with the 
Snowboard or another surface and 

2. collect a uniform column of snow that will 
represent the snow from the entire 
snowfall. 


The overflow tube from the rain gauge is used Ш [ 


collecting the “new snow” and “snowpack 
samples so that you can measure the rain equi? 
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lent using the measuring tube from the rain gauge. 
If you only have one rain gauge, first collect the 
snowpack sample and empty the contents of the 
overflow tube into another container and label it. 
Then reuse the overflow tube to collect the sample 
from the snowboard. If you do not wish to use 
the rain gauge, then you should do the following. 


1. Use straight-sided containers instead of 

the overflow tube. 

Take the samples and melt them in the 

same way. 

. Using your 100 mL or 500 mL graduated 
cylinders, pour the sample into the 
graduated cylinder and measure the 
volume as accurately as possible (+ 1 mL 
in the 100 mL cylinder and + 5 mL in the 
500 mL cylinder). 

4. Determine the area of the opening of the 
straight-sided container. If it is round, 
measure the diameter and calculate the 
area as follows: 


d 


w 


Raie Diameter 
2 
Area (сш?) = TI x (radius)? 


Or if it is rectangular, measure the width 
and length of the opening and calculate 
the area as follows: 


Area (cm?) = Width (cm) x Length (cm) 


[S 


. Calculate the rain equivalent depth of the 
melt water as follows: 


Volume of melt water 


Depth (mm) = —m@b= em) | y 10 (mm/em) 
Area (cm?) 


Note that milliliters are equivalent to cubic centi- 
meters. Calculate the depth to the nearest 0.1 mm. 


7. What should we do if we are likely to get 
both rain and snow during certain times of 
year? 

There are many places where transition times 
(from Autumn to Winter, and then from Winter 
to Spring) mean that temperature can fluctuate 
above and below freezing over relatively short 


times. Once there is a chance that overnight tem- 
peratures will be below freezing, bring the funnel 
top and measuring tube of the rain gauge indoors. 
Leave the overflow tube in place at your Atmo- 
sphere Study Site. The narrow measuring tube is 
much more likely to crack if ice forms in it after a 
rainfall than is the larger overflow tube. The over- 
flow tube will be able to catch any rain or snow 
that falls. 


In some cases, you may get a snowfall that melts 
before your usual measurement time. If this hap- 
pens, you can't report a new snow depth, but you 
can report as metadata that there was snow on 
the ground but it melted before a measurement 
was made. 


Bring the measuring tube outside with you and 
use it to measure the amount of rain plus melted 
snow present in your overflow tube. If the water 
in your overflow tube all fell as rain, report it as 
rain. lf the water in your overflow tube is all from 
snow which has melted, report it as the water 
equivalent of new snow, and report the new snow 
depth as *M" for missing and the snowpack depth 
on the ground as whatever value you measure (in- 
cluding 0.0 in many cases). If the water in your 
overflow tube is a mix of rain and melted snow or 
you don't know which it is, report it as rain and 
include in your comments that the sample in- 
cluded or may have included melted snow. 


8. Snow fell overnight, but it melted before it 
was time to take the GLOBE Atmosphere 
measurements. What should we report as 
our data? 

It is possible that an overnight snowfall may melt 
before the daily precipitation measurement is 
made. If you have left the overflow tube of your 
rain gauge outside, you can still report the liquid 
water equivalent of your snowfall. Note in your 
comments that your sample for liquid equivalent 
of new snow was collected in this way. Enter “M” 
for Daily Depth of New Snow and explain the cir- 
cumstance in your comments. 


9. New snow has fallen in the last day, but a 
significant amount of it blew away before we 
could measure it. What should we report as 
our data? 

Report “M” for Daily Depth of New Snow and 
explain the circumstance in your comments. You 
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should still report the total depth, rain equiva- 
lent, and pH of the snowpack if there is still any 
snow on the ground. 


9. What is the best way to mark the location 
of our snowboard so we can find it after a 
new snowfall? 

There are many ways in which you can do this. 
For example, you can place a flag in the ground 
next to the snowboard to help you locate the 
board. Or you could even attach a flag to the board 
itself (although you need to do this in such a way 
that it won't be unstable and tilt the board over 
on its side). Some ski resorts mount a pipe in a 
snowboard. The pipe can be marked with a per- 
manent marking pen in millimeters and 
centimeters so that it not only helps you find the 
board, but also acts as a measuring stick to deter- 
mine the depth of new snow. 


10. If we know a new snowfall will melt 
before it is time to take our GLOBE 
measurements, should we try to take a 
measurement earlier in the day (for example, 
as soon as we get to school)? 

If you have the time, it would be great to take a 
new snowfall measurement early in the day, par- 
ticularly if warmer temperatures or high winds 
are forecast for later in the day and you think the 
snow may melt before solar noon. However, for 
consistency in the GLOBE archives, you still need 
to take snow measurements at solar noon. Record 
as metadata the time you took the earlier snow- 
fall measurement, and the depth of the snow at 
that time. If you take snow measurements in the 
morning, make sure not to clear off the snowboard 
so that you can come back later in the day and 
take your solar noon measurements. 
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precipitation Protocols — 
Looking At the Data 


Are the data reasonable? 

Precipitation can vary widely, even over short dis- 
tances. So, in judging whether precipitation data 
are reasonable, common sense must be your 
guide. For example, if you lived in the state of 
Hawaii, it would be helpful to know that the 
record amount of rainfall received in the state in 


Figure AT-PP-4: Record Maximum 24-hour Precipitation (mm) through 1998 (estimated) 


a 24-hour time period is about 965 mm. Figure 
AT-PP-4 from the National Climatic Data Center 
(NCDO) in Asheville, North Carolina in the 
U.S.A., shows you the maximum amount of pre- 
cipitation received in each state of the U.S. in a 
24 hour time period. In many areas, the maxi- 
mum amount of precipitation was the result of a 
tropical storm or hurricane that hit that region 


We can also find the total yearly precipitation for 
the wettest places in the world from the U.S. Na- 
tional Climatic Data Center, as shown in Table 
AT-PP-4. 
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Table AT-PP-2 

Continent Highest Place Elevation Years of 

Average (mm) (Meters) Record 
South America 13299 *+ Loro, Colombia 158.54 29 
Asia 11872 * Mawsynram, India 1401.2 38 
Oceania 11684 * Mt. Waialeale, Kauai, Hawaii, USA 1569.1 30 
Africa 10287 Debundscha, Cameroon 9.1 32 
South America 8992 + Quibdo, Colombia 36.6 16 
Australia 8636 Bellenden Ker, Queensland 1555.1 9 
North America 6502 Henderson Lake, British Colombia, Canada 3.7 14 
Europe 4648 Crkvica, Bosnia-Hercegovina 1017.1 22 


*The value given is the continents’ highest and possibly the world’s highest depending on measurement practices, 


procedures, and period of record variations. 


* The official greatest average annual precipitation for South America is 899.2 cm at Quibdo, Columbia. The 1329.9 


cm average at Lloro, Columbia is an estimated amount. 


# Approximate elevation 


A possible check on the reasonableness of data 
for an area is to compare with data from other 
nearby GLOBE schools or other sources of pre- 
cipitation data. Figure AT-PP-5 shows 18 months 
of data for two schools in Croatia that are reason- 
ably close to one another. Although you expect 
to see some variations in day-to-day precipita- 
tion, the overall patterns and amount of 
precipitation over time are similar. 


In order to determine if precipitation pH data are 
reasonable, it helps to understand a little about 
the natural variability of the pH of normal pre- 
cipitation. Because of naturally occurring carbon 
dioxide, sulfur dioxide and nitrogen oxides in the 
atmosphere, normal precipitation is somewhat 
acidic. Even in regions where there is little hu- 
man activity, normal rainfall has a pH of about 
5.6. However, some human activities can release 
much larger quantities of these and other gases 
into the atmosphere than would occur naturally. 
Once released into the atmosphere, these gases 
can react with other constituents of the air to form 
chemical compounds such as nitric acid and sul- 
furic acid that dissolve easily in water. The 
resulting water droplets will have pH values less 
than 5.6. These droplets can be carried long dis- 
tances by prevailing winds, returning to Earths 


surface as acid rain, snow, or fog. Sea spray, soil 


particles, and other substances can be swept up 
into the air and incorporated in water droplets. 
Many of these substances also change the pH of 
precipitation. 


Figure AT-PP-6 shows the variation in average pre- 
cipitation pH across the U.S.A. during 1999. This 
map shows us that average precipitation pH across 
the U.S.A. varies between about 4.2 and 5.6. The 
pH of individual precipitation events may be well 
outside this range, but it gives an indication of 
the approximate range of the average precipita- 
tion pH for this part of the world. 


Figure AT-PP-7 is a graph of precipitation pH me 
surements from a GLOBE school in California, 
U.S.A. over a 5-month period of time, and shows 
that most of the measurements are between a pH 
of 6 and 7, but there is one data point witha pH 
of 9. If the pH was measured using pH paper, the 
variation of 1 pH unit is the same as the accuracy 
of the measurement method. 


There are at least two possible explanations for 3 
unusually high or low measurement of precipit 
tion pH. One is that there was something different 
in the air that resulted in this unusual pH - I9! 
example, a dust storm, a forest fire, or some oU 
phenomenon. A second explanation is that тер 

pen or meter was not properly calibrated oF E 
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Hydrogen ion concentration as pH from measurements 
made at the field laboratories, 2000 
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pH paper had gone bad and the measurement is 
in error. The jump to 9.0 above is unusual and 
one should look at the comments reported by the 
school to better assess what was happening. 


Comparison of data from schools that are reason- 
ably close to one another shows variations of 
approximately 1 pH unit between these two 
schools. See Figure AT-PP-8. Given that all the data 
from Madecinska Skola are 6.0, 7.0, or 8.0, they 
were probably taken using pH paper, and this dif- 
ference is reasonable. Both schools have 
occasionally higher pH readings that may be due 
to localized events affecting their rainfall. See Fig- 
ures AT-PP-7 and AT-PP-8. 


What do scientists look for in these 
data? 


Scientists use precipitation data in their investi- 
gations of weather, climate, and atmospheric 
composition. In studying weather and climate, 
scientists may focus on individual rain events, 
patterns and average totals for precipitation over 
the year. Those concerned with atmospheric com- 
position will look for how often there is enough 
rain or snow to wash trace gases and aerosols out 
of the air. Precipitation data are also useful for 
practical applications involving irrigation and 
water management. 


In studies of weather, scientists may look at how 
much rain fell as part of a tropical storm or hurri- 
cane. They might also look at how much rain was 
associated with a particular level of flooding. This 
study could easily include data from many GLOBE 
schools in a region in combination with precipi- 
tation data from official weather stations. 


Scientists trying to improve techniques for mea- 
Suring average rainfall over large areas would 
compare data for specific days with the values they 
calculate from satellite or weather radar data. Each 
technique — rain gauge, satellite sensor, and radar 
~ measures something different about the rain and 
has different limitations. So, comparing the dif- 
ferent types of data can help improve techniques 
Or provide а more accurate determination of how 
much precipitation actually occurred over an area. 


Cli are у 2 
аыр Scientists look for different patterns in the 
a : : : 

а. What regions are the wettest? How little rain 


falls in deserts? What are the patterns of rainfall 
during the year? Climate scientists are particu- 
larly interested in how the total amounts and 
patterns of precipitation change over the years. 
Are rain events becoming more numerous? Are 
storms producing larger amounts of precipitation 
on average? Is the timing of rain during the year 
shifting? 


As students, you can also learn about your cli- 
mate by examining GLOBE precipitation data. For 
example, a student at Kingsburg High School in 
California, USA may hypothesize that the rainy 
season in northern California occurs at a differ- 
ent time of year than the rainy season in Benin, 
West Africa. To test this hypothesis, the student 
could search the GLOBE database for schools in 
Benin, and then compare the rainfall patterns from 
measurements made at their school in California 
to measurements made at one or more schools in 
Benin. Figure AT-PP-9 is an example of a com- 
parison of two schools' rainfall records. 


An initial look at this graph indicates that the rainy 
seasons in California and Benin do occur at dif- 
ferent times of year. During this time period Benin 
received most of its rain between April and No- 
vember, where as Kingsburg, California received 
most of its rainfall between January and April. To 
have more confidence in this conclusion we would 
need many more years of data. 


As another example, students at Juuan Lukio/ 
Poikolan Koulu in Finland, in looking at a graph 
of rainfall and liquid water equivalent of snowfall 
may determine that their school receives most of 
its precipitation as snowfall. See Figure AT-PP-10. 


Some simple calculations can be done with pre- 
cipitation data. One of the most useful quantities 
that scientists use in looking at precipitation pat- 
terns is to look at the total amount of precipitation 
a given location receives in a certain time period 
(e.g. a week, a month, a season). To calculate these 
totals, students simply sum the precipitation data 
for a site for the time period desired 


Figure AT-PP-11 is a comparison of rainfall over 
11 days in March of 1999 between Ecopolis Cen- 
ter Junior Eco Club in Tokyo, Japan and 
Konigliches Athenaum Eupen in Eupen, Belgium. 
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We can obtain the actual numerical data for thi: 


GLOBE archive: 


GLOBE Data from Ecopolis Center Junio 


Precipitation Rain 


YYYYMMDD LATITUDE LONGITUDE 


19990315 
19990314 
19990313 
19990312 
19990311 
19990310 
19990309 
19990308 
19990307 
19990306 
19990305 


GLOBE Data from Konigliches Athenaum Eupen, Eupen, Belgium from 03/05/1999 - 


35.4100 
35.4100 
35.4100 
35.4100 
35.4100 
35.4100 
35.4100 
35.4100 
35.4100 
35.4100 
35.4100 


Precipitation Rain 


YYYYMMDD LATITUDE LONGITUDE ELEVATN SCHOOL SITEID RAINAMT 


19990315 
19990314 
19990313 
19990312 
19990311 
19990310 
19990309 
19990308 
19990307 
19990306 
19990305 


50.6292 
50.6292 
50.6292 
50.6292 
50.6292 
50.6292 
50.6292 
50.6292 
50.6292 
50.6292 
50.6292 


139.4000 
139.4000 
139.4000 
139.4000 
139.4000 
139.4000 
139.4000 
139.4000 
139.4000 
139.4000 
139.4000 


6.0262 
6.0262 
6.0262 
6.0262 
6.0262 
6.0262 
6.0262 
6.0262 
6.0262 
6.0262 
6.0262 


10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 


290.0 
290.0 
290.0 
290.0 
290.0 
290.0 
290.0 
290.0 
290.0 
290.0 
290.0 


RHG2H7U АТМ-01 
RHG2H7U АТМ-01 
RHG2H7U ATM-01 
RHG2H7U ATM-01 
RHG2H7U АТМ-01 
RHG2H7U ATM-01 
RHG2H7U ATM-01 
RHG2H7U ATM-01 
RHG2H7U ATM-01 
RHG2H7U ATM-01 
RHG2H7U ATM-01 


TecltGH 
TecltGH 
TecltGH 
TecltGH 
TecltGH 
TecltGH 
TecltGH 
TecltGH 
TecltGH 
TecltGH 
TecltGH 


ATM-01 
ATM-01 
ATM-01 
ATM-01 
ATM-01 
ATM-01 
АТМ-01 
АТМ-01 
АТМ-01 
АТМ-01 
АТМ-01 


ELEVATN SCHOOL SITEID RAINAMT 


0.0 
0.0 
0.0 
3.0 
0.0 
Tet 
0.2 
12.0 
0.0 
0.0 
0.8 


0.0 
0.0 
0.0 
0.0 
0.2 
0.0 
1:2 
1.6 
0.4 
4.2 
0.4 


s time period for these two locations from the 


r Eco Club, Tokyo, Japan from 03/05/1999 - 03/15/1999 


PH RAM 


-99.0 0 
-99.0 0 
-99.00 


-99.00 
-99.0 0 


-99.0 0 
-99.0 0 


03/15/1999 


PH_RA M 


-99.0 0 
-99.0 0 
-99.0 0 
-99.0 0 
-99.0 0 
-99.0 0 
-99.0 0 
-99.0 0 
-99.0 0 
-99.0 0 
-99.0 0 


We can calculate the total amount of rainfall each location received between 5 March and 15 March 


by adding up the rainfall each day (including those days that received zero rainfall) 


For Ecopolis Center Junior Eco Club, Tokyo, Japan 


0+0+0+3.0+0+ 7.7 + 0.2 + 12.0 + 0 + 0 + 0.8 223.7 mm 


For Konigliches Athenaum Eupen, Eupen, Belgium 


0+0+0+0 +0.2 +0 + 1.2 + 1.6 + 0.4 = 3.4 mm 
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We have now confirmed with calculations what 
we suspected by looking at the graph, the school 
in Japan received much more rainfall during this 
time period than did the school in Belgium. This 
large difference in the amount of rainfall between 
the school in Japan and the school in Belgium 
leads to many questions, for example: What is 
the total yearly rainfall at these two locations? 
What kinds of plants grow in these two locations? 
What kind of springtime weather do these places 
experience? 


Student researchers should consider comparing 
precipitation totals, averages, and extremes be- 
tween different schools or locations. You can 
compare monthly total precipitation from one year 
to another and look at the pattern in these totals 
over the year. 


Precipitation data are important in understand- 
ing patterns of plant growth and the cycling of 


water in the environment. See Green-Up Protocol 
Looking At the Data. In some places, knowing the 
amount of precipitation is important for manag- 
ing scarce water supplies. For instance, operators 
of dams may release more or less water through 
their dams depending on rainfall or snowmelt. 


The actual input of water to the ground and wa- 
ter bodies (streams, rivers, lakes, etc.) is important 
for use in both plant growth and water resources 
studies. With rain this input is immediate, but 
with snow the amount of water produced when 
the snow melts is more crucial to know than the 
amount of snow that falls. If a location receives 
enough snow to build up a snow pack, a series of 
GLOBE measurements of the rain equivalent of 
new snow and snow pack can be taken to help 
with these studies. 


For example, a school collects the data shown in 
the Table AT-PP-3. 


Table AT-PP-3 is 
Date Days of New Snow Rain Snow Pack Rain 
Accumulation (mm) Equivalent (mm) Equivalent 
(mm) (mm) 
RNEw RPACK 
2/10/99 1 0 0.0 0 0.0 | 
12/12/99 0 0.0 0 0.0 
2/3/99 1 0 0.0 0 0.0 | 
12/14/99 10 1.5 10 186] 
2/5/99 1 110 D 120 7.0 
2/16/99 1 5 1.0 110 7.5 
| 12/17/99 0 0.0 110 1.9 
2/18/99 1 75 8.7 180 16.0 
12/19/99 30 M 200 M 
12/2099 1 30 3.0 200 18.0 
2/21/00 1 0 M 185 M 
12/22/99 1 0 M 185 M 
2/23/99 1 0 0.0 180 17.0 
2/24/00  ] TT M 180 M 
12/25/99 = M 190 M 
2/26/99 1 = M 200 M 
12/27/99 1 178 22.4 335 39.5 
2/28/99 = M 320 39.0 
12/29/99 1 8 0.5 320 39.0 
12/30/99 33 M 350 M 
2/31/99 1 28 55 360 48.0 
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From these data, these students can calculate the 
amount of water released into the environment. 
This calculation is: 


Release amount (mm) = R,,,,, (today) + Ry, (yes- 
terday) - R,„«« (today) 


So for December 18, the release amount, stated 
as the equivalent depth of rain, was: 


8.7 + 7.5 - 16.0 = 0.2 mm 


If there is no new snow between two dates, the 
release amount is simply the difference of the rain 
equivalent of the snow pack on the two days. 


Some scientists studying climate investigate the 
interaction of sunlight with Earths surface. For 
these investigations the presence or absence of 
snow on the ground is important. In their analy- 
ses, these scientists examine where and when 
there is snow on Earths surface and often relate 
this information to satellite data. Students may 
ask how many days a year is there snow on the 
ground? What are the first and last days of the 
year when there is snow the ground? 


Precipitation is a major way in which trace gases 
and aerosols are removed from the air. Most of 
this removal happens at the beginning of a storm; 
the first few millimeters of rain or centimeters of 
snow cleans the air. Scientists investigating atmo- 
spheric composition are interested in how often 
precipitation events occur that are large enough 
to remove trace gases and aerosols. Scientists are 
also interested in how much of an area experi- 
enced rain or snow because a localized storm only 
affects a small area, leaving the composition of 
the surrounding air largely unchanged. For this, 
they may look at cloud data (nimbostratus versus 
cumulonimbus clouds precipitation) or data from 
nearby GLOBE schools. 


When looking at precipitation pH data, most in- 
terest is in the short-term average of precipitation 
pH and the trend of precipitation pH over time. 
A single reading of a very high or very low pre- 
cipitation pH may not be significant, however, if 
over a period of time the precipitation pH con- 
tinues to be either very high or very low, scientists 
begin to worry about the effects on local ecosystems. 


Effects of very high pH precipitation on ecosys- 
tems have not been studied as much as the effects 


oflow pH precipitation (“acid rain”). Some plants 
and animals can tolerate relatively high levels of 
acidity, where others may be very sensitive to even 
small decreases in pH. The effects of acid pre- 
cipitation are usually seen the most in water 
bodies such as streams and lakes, or in wetlands 
such as marshes. The land cover and soils sur- 
rounding them also affect the pH of water flowing 
into these habitats. As water with low pH flows 
through soils, aluminum is released from the soils 
and this can cause additional stress in the envi- 
ronment. Thus, when scientists examine data on 
precipitation pH, they particularly look for val- 
ues that are low over a long period of time. 
Scientists studying watersheds will look at pre- 
cipitation pH along with soil pH and prevalent 
types of vegetation and land cover in their efforts 
to understand what is controlling or influencing 
the pH of water bodies. 


Figure AT-PP-12 shows the precipitation pH for 
two schools in the Czech Republic from January 
1998 through July 2001. The first thing we note 
from this graph is that neither school received 
precipitation that is very acidic. The lowest pre- 
cipitation pH that either school reports is about 
4, and this value is not common. The second 
thing we notice is that there doesn’t appear to be 
an overall trend in precipitation pH over time at 
either school. That is, it doesn't appear that from 
early 1998 until the middle of 2001 there has 
been a steady increase or decrease in the pH of 
precipitation at these two locations. The next 
thing that scientists would want to explore after 
looking at the data from these two schools is to 
try to understand the differences in precipitation 
pH at these locations. Why is the precipitation 
pH at Gymnazium Dr. A. Hrdlicky systematically 
higher than at Zalkadni, and what does that mean 
for the ecosystems in these areas? 


Two Examples of Student Research 
Investigations — 

Example 1: Rainfall Amount 
Forming a Hypothesis 

A student from CEG Adjohoun Schoo 
Adjohoun, Benin has been comparing G 
temperature measurements made at his $ Et 
with other schools around Benin. He notices! 
during the time period from May through June 


] in 
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of 2001 the average temperature measured at his 
school is typically somewhat greater than it is at 
another GLOBE school in Avrankou, Benin. See 
Figure AT-PP-13. 


Looking at this graph makes the student wonder 
if this type of pattern is true for other GLOBE 
measurements. To begin his research, the student 
hypothesizes that; 


Average rainfall in Adjohoun is greater than in 
Avrankou during the period of May through June 
of 2001. 

Collecting and Analyzing Data 

Data for rainfall have already been collected at 
both of these schools, so the first thing this stu- 


dent does is to graph the data. See Figure 
AT-PP-14. 


After looking at the graph, the student decides 
that he really needs to create a data table with the 
values from this graph in order to determine if 
the average amount of rainfall received at 
Adjohoun really is greater than the rainfall re- 
ceived at Avrankou. He can easily retrieve the data 
from the GLOBE archives for each school, then 
save the information in one of several ways: by 
printing the table from the computer; by cutting 
and pasting the data into a spreadsheet; or by 


copying the data down on a sheet of paper by 
hand. 


Next, the student needs to decide on a timescale 
to look at the rainfall data. He knows that daily 
rainfall varies a lot and in some cases he doesnt 
have daily values of rainfall, but has accumulated 
rainfall. He initially decides to calculate the total 
rainfall for this two-month period for both sites. 
Todo this he adds up all the precipitation amounts 
fora given site. 


He creates a table of the data: 


The student finds that for Adjohoun, the rainfall 
for May and June of 2001 is 279.5 mm. His cal- 
culations show that during this same time period 
Avrankou received 476.5 mm of rain. Based on 
these sums the student concludes that, at least 
for these two months, Adjohoun received less rain- 
fall than Avrankou, and his original hypothesis is 
not supported by these data. 


Communicating Results 


The student then presents an oral report to his 
teacher and class on his research. He explains to 
them his hypothesis and how he carried out his 
research. He shows them the data he has used 
and the calculations he has made. In addition, he 
discusses with the class what further research 
might be done, such as looking at a longer data 
record (perhaps for several years). 


Example 2: Precipitation pH 

Forming a Hypothesis 

Students from Zakladni Skola — Ekolog, 
Praktikum in Jicin, Czech Republic have been tak- 
ing measurements of precipitation and 
precipitation pH for a number of years. Several 
students decide to analyze these two data sets to 
see if there is a connection between the amount 
of rainfall received and the pH of the rainfall. 


The students first task is to choose a time period 
for their study, and then graph the data. The graph 
of rainfall amount and rainfall pH for two and a 
half years is shown in Figure AT-PP-15. Based on 
their examination of this graph, the students for- 
mulate the hypothesis that; As the amount of 
precipitation increases, the pH of the precipita- 
tion decreases. 


Collecting and Analyzing Data 

The first step in testing this hypothesis is to gather 
the data from the GLOBE archives. The data can 
be saved by printing the table from the computer, 
cutting and pasting the table into a spreadsheet, 
or copying down the values by hand. The stu- 
dents only need the data for those days where 
both rainfall and rainfall pH are reported. 


The students then must decide how to analyze 
the data. In this case, they decide to group rain- 
fall amounts and calculate the average pH for each 


Month Rainfall Rainfall at 
Adjohoun (mm) at Avrankou (mm) | 
April 1244 162.0 
May 1182 282.7 
June — 1613 193.8 
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group. They put the rainfall data into groups from 
0.1 -4.9 mm of rainfall, 5.0 - 9.9 mm, 10.0 - 14.9 
mm, and so on. Then they calculate the average 
pH for each of these groups, and look for any trend 
in pH values as rainfall amounts increase. The fol- 
lowing table gives their results: 


Rainfall Number of ^ Average pH 
amount (mm) data points 
0.1-4.9 202 4.59 
5.0 —9.9 56 4.53 1 
10.0— 14.9 29 4.44 ia 
15.0 - 19.9 3 4.50 
| 20.0 - 24.5 6 4.55 
25.0 — 29.9 4 4.40 
30.0 – 34.9 1 4.00 žl 
40.0 — 44.9 2 4.65 
95.0 — 99.9 1 430 | 


Notice that the students have started their rainfall 
amount with 0.1 mm instead of 0.0. This is be- 
cause if the rainfall amount is zero, there can't be 
any pH value of rainfall. Also notice that the table 
of rainfall amounts isn’t continuous (that is, some 
categories are missing) because there were no rain- 
fall amounts in the data archive between those 
values. 


The students decide from their calculations that 
there are too few data points in the rainfall cat- 
egories above 14.9 mm for those calculations to 
be reliable. They focus instead only on the first 3 
categories from their table. 


Rainfall Number of ^ Average pH 
amount (mm) data points 
0.1-4.9 202 4.59 
5.0-9.9 56 4.53 
10.0 - 14.9 29 4.44 
From these three points, there does seem to be 


some trend — there is an indication that the pH of 
the rainfall is slightly more acidic when more rain 
falls. This is an interesting result, and appears to 
support the students' hypothesis. 


Communicating Results 


The students decide to submit their research toa 
science fair. They create a poster that contains 
information about their hypothesis, the steps they 
took in doing their research, their data, calcul. 
tions, and results. On their poster the students 
note that before they could positively conclude 
that rainfall pH decreases as the amount of rain- 
fall increases, they would want to do some further 
calculations. 


Future Research 


The students would like to have a longer data 
record so that perhaps they would have more data 
at higher values of rainfall. They would also break 
the data up into smaller groupings, perhaps from 
0.1-1.0 mm, 1.1-2.0 mm, and so on. If they find 
that their hypothesis is confirmed, the students 
could explore other variables, such as wind di- 
rection, length of rainfall event, or other 
parameters they think might be important, to de- 
termine why the pH decreases with increasing 
rainfall amounts. 


The students also wonder if the pH value of rain- 
fall changes during a single rain event. They 
propose that further study could be carried out 
by an experiment using the techniques they 
learned in the GLOBE protocols. In this case, 
however, the students propose that rather than 
collecting rainfall for 24 hours and then measur 
ing the pH, they would set up an experiment on? 
rainy school day. The students would collect 
samples once every hour throughout the school 
day, and measure the pH of the rain for each hour 
of the rainfall event. They would then plot their 
data and see if there is a change in the pH of the 
rain as the storm goes on. 
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Figure AT-PP-13 
[eene —1 
® Mean Air Temperature 
зв 
EP n e _ OEEO E ра ЕЕ 
salt 
s ААД АЙЫ a Mio eae Re gu 
1 
о 28 
овна B tette pm Û 
za ettet АА 
22 
1 10 1 
4/2001 6/2001 
à СЕС Avrankou — Avrankou BJ ATM—01 School Location 
a СЕС Adjohoun — Adjohoun BJ АТМ—01 Atmosphere Site 01 
Figure AT-PP-14 
[ Rainfall [large symbol => # days > 1] 
ali —— ———— ——- Ti 
4 CEG Avrankou — Avrankou BJ ATM-01 School Location 
n  CEG Adjohoun — Adjohoun BJ АТМ—01 Atmosphere Site 01 
ا‎ 
GLOBE" 2003 Precipitation Protocols - 31 Atmosphere 


Figure AT-PP-15 


CZ 


e. Zakladni Skola — Ekolog. Praktikum — Jicin 


ге 


1/1 4/1 7/1 10/1 1/1 4/1 7A 10/1 
1999 2000 


^ Rainfall pH: ATM—01 School Location 
a Rainfall: АТМ—01 School Location 


mm — water 


pH 


mm — water 


GLOBE* 2003 Precipitation Protocols - 32 


‘Atmosphere 


— 


Digital Multi-Day Max/Min/ 
) Current Air and Soil 
Temperatures Protocol 


Purpose 

To record daily measurements of maximum, 
minimum, and current air and soil 
temperatures at a common site 


Overview 


One temperature probe is placed inside the 
instrument shelter while another is installed 
ata 10 cm depth in the soil. A digital 
thermometer is used to measure current 
temperatures as well as daily minimum and 
maximum temperatures. The daily minimum 
and maximum temperatures are stored by the 
instrument for a period of six days and need 
to be read and recorded within this span of 
time. 


Student Outcomes 

Students gain insight into the relationships 
between air and soil temperatures over time 
and learn to use a digital thermometer. 


Science Concepts 
Earth and Space Science 
Weather can be described by quantitative 
measurements. 
Weather changes from day to day and 
season to season. 
Weather varies on local, regional, and 
global spatial scales. 
Geography 
The variability of temperature of a 
location affects the characterization of 
Earths physical geographic system. 


Scientific Inquiry Abilities 

Use a digital max/min thermometer. 

Identify answerable questions. 

Design and conduct scientific 
investigations. 

Use appropriate mathematics to analyze 
data. 

Develop descriptions and explanations 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and 
explanations. 


Time 


10 minutes per measurement set 


Level 
All levels 


Frequency 


At least once every six days 


Materials and Tools 
Digital multi-day max/min thermometer 
Instrument Shelter installed on a post 
Digging tools (site setup only) 
Calibration thermometer 
Soil probe thermometer 


Preparation 
Set up the instrument shelter. 


Calibrate and install the digital max/min 
thermometer. 


Enrichment Reset the digital max/min thermometer. 
Soil i ith ai 
temperature varies with air Review the Soil Temperature Protocol. 
temperature. 
Soil temperature varies less than air Prerequisites 
temperature. None 
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Digital Multi-Day 
Max/Min Thermometer 
Introduction 


The digital multi-day max/min thermometer is an 
electronic instrument used to measure the current 
temperature and record the maximum and 
minimum temperatures reached during multiple 
24- hour periods. It has two identical temperature 
probes. One probe is used to measure air 
temperature and the other to measure soil 
temperature. 


The instrument records and stores the highest and 
lowest temperatures reached over six successive 
24-hour periods. The start and end times for these 
periods correspond to the time of day at which 
the instrument was initially reset by the user (the 
time of reset). The instrument is reset once when 
it is first setup and again whenever the battery is 
changed. For use in GLOBE, the time of reset 
should be as close as possible to local solar noon, 
thereby causing each 24-hour period to span from 
approximately local solar noon to local solar noon 
of consecutive days. The thermometer displays 
the maximum and minimum temperatures for the 


Figure AT-MU-1: Multi-Day Digital Max/Min 
Thermometer 


current day as well as for the previous five days 
as long as it is read at a time which is later than 
the time that the thermometer was initially reset 
(time of reset). If the thermometer is read after the 
time of reset, it will display the maximum and 
minimum temperatures for the previous six days, 


The digital multi-day max/min thermometer 
is capable of measuring temperatures down to 
-20° C when run on a standard alkaline AA-size 
battery. Substitution of a lithium AA-size battery 
will allow the instrument to handle lower 
temperatures. Also, at low temperatures the digital 
display screen may become too dim to read, while 
the instrument is still recording temperatures. 


Temperature Probes 


The multi-day digital max/min thermometer has 
two sensor probes. Normally one probe will be 
used to measure air temperature while the other 
will be used to measure soil temperature. For the 
sake of consistency the probes should be placed 
as follows: 


Left Sensor — air temperature, 
Right Sensor — 10 cm depth in soil. 


The display areas for the two sensors are labeled 
on the right side of the digital display screen for 
the instrument. The upper display area (which is 


e the 


for the left sensor) is labeled ‘LF’, while the lower 
Cover Flap Upper display area (which is for the right sensor) is 
EXC Display of labeled ‘RT’. 
Battery | Screen (air) | | Hint: To help prevent confusion, label these 
max 21.1°C | display areas as ‘air’ and ‘soil’ respectively. This 
D1 153 c E can be done by writing on a piece of tape attache 
On Buttons MN S uns to the left of the display screen. 
Em Р Section of 
t ese Display Instrument Maintenance 
utton Screen (soil) d h 
The instrument shelter should be kept clean bot 
inside and outside. Dust, debris, and spider webs 
е should be removed from the inside of the sheltet 
Buttons || Batt with a clean, dry cloth. The outside of the shelter 
oR Compa rtment | | maY be lightly washed with water to rero 
Screws debris, but try to avoid getting water insid 
shelter. If the outside of the shelter becomes Ve") 
"t д dirty, it should be repainted white. 
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When the battery in the thermometer becomes 
low on power a low battery symbol will light. This 
symbol is located along the left side of the display 
screen and is shaped like a AA-size battery, Once 
this symbol becomes visible it is time to replace 
the battery. Follow the Changing the Battery in the 
Digital Multi-Day Max/Min Thermometer Field 


Guide. 


Teacher Support 


The instructions given in this protocol are specific 
to one brand of digital thermometer. They may 
be adapted to other equipment that meets the 
same specifications. If you have questions or 
require assistance with adapting these instructions 
to other instruments, contact the GLOBE Help 
Desk. The essential elements of this protocol, 
which must remain the same regardless of the 
equipment model, are the placement of the 
temperature probes and the +/- 0.5" C precision 
and accuracy of the temperature sensors. 


Instructions for using alternative types of max/ 
min thermometers are given in the Single-Day 
Maximum, Minimum, and Current temperature 
Protocol. The thermometers used in that protocol 
do not log data, so they need to be read and reset 
every day. 


If your instrument shelter is in a location that 
makes it difficult to measure soil temperatures, 
or if you are only interested in taking air 
temperature measurements, it is acceptable to only 
take air measurements. To do so simply skip the 
portions of each field guide that pertain to the 
soil sensor. 


Measurement Logistics 

1. Review background in Atmosphere and 

Soil chapters. 

2. Check a calibration thermometer 
following the Thermometer Calibration Lab 
Guide. 

‚ Calculate sensor correction offsets 
following the Digital Multi-Day Max/Min 
Thermometer Sensor Calibration Field Guide. 

4. Install your digital multi-day max/min 

thermometer following the Digital Multi- 

Day Max/Min Thermometer Installation 

Field Guide. 

5. Establish your time of reset by resetting the 

thermometer within one hour of local 

solar noon following the Digital Multi-Day 

Max/Min Thermometer Reset Field Guide. 

Record current maximum and minimum 

temperatures following the Digital Multi- 

Day Max/Min Temperature Protocol Field 

Guide at least once every six days. 


w 


D 
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7. Record current temperatures following the 
Digital Multi-Day Thermometer Current 
Temperature Protocol Field Guide as desired. 

8. Report your data to GLOBE. 

9. Every six months, or whenever the battery 
is changed, check the accuracy of the soil 
probe following the Digital Multi-Day Max/ 
Min Thermometer Soil Sensor Error Check 
Field Guide. If the magnitude of the soil 
sensor error that you calculate is two 
degrees Celsius or more, dig out the soil 
sensor and recalibrate both the soil and air 
sensors following the Digital Multi-Day 
Max/Min Thermometer Sensor Calibration 
Field Guide. If the magnitude of the soil 
sensor error that you calculate is less than 
two degrees Celsius, leave the soil sensor 
buried and recalibrate just the air sensor. 

10. Engage students in looking at their data. 


Calibration 


Your digital thermometer must be calibrated 
before initial use. Every six months after 
installation and whenever the battery is changed 
the air sensor will need to be recalibrated and the 
soil sensor readings will need to be checked to 
see if the soil sensor needs to be dug out and 
recalibrated. These calibrations and checks are 
performed by comparing temperatures read by the 
two probes with readings from a calibration 
thermometer and the soil probe thermometer. See 
the Soil Temperature Protocol. 


Helpful Hints 


The goal of the calibrations is to obtain air anq 
soil sensor correction offsets that account for 
differences between measured and actual 
temperatures. When you report your calibration 
data to the GLOBE database, the database 
automatically calculates these values and reports 
them to you. After you have completed your 
calibration and start entering temperature data to 
GLOBE, the database will automatically account 
for your correction offsets as your measurements 
are entered into the database. So, all the data in 
the GLOBE database have effectively. been 
calibrated. However, take caution in accounting 
for the correction offsets when analyzing data not 
obtained from the GLOBE database (including 
data you have collected), DO NOT APPLY THE 
OFFSETS TO DATA REPORTED TO GLOBE, 


Questions for Further Investigation 
Which season has the greatest range of 
temperatures? Why? 

How does the soil temperature range compare 
with the air temperature range? 

What are the latitudes and elevations of other 
GLOBE schools with atmosphere and soil 
temperatures similar to yours? 

What soil temperatures signal a new growing 
season in your area, as evidenced by new grass, 
weed growth and germination, or budburst? 


Is your local environment affected more by average 
temperature or temperature extremes? 


How does soil character affect soil temperature? 


GLOBE* 2003 


Multi-Day Maximum/Minimum/Current Air and Soil Temperature Protocol - 4 


Atmosphe* 


a 
zd 


3 


Thermometer Calibration 


Lab Guide 


Task 


Check the calibration of the calibration thermometer. 


What You Need 


О Calibration thermometer Û Crushed ice 


ÛJ Clean container at least 250 mL in size Û Water (distilled is ideal, but the key is that the 
water is not salty) 


In the Lab 
1. Prepare a mixture of fresh water and crushed ice with more ice than water in your container. 


2. Put the calibration thermometer into the ice-water bath. The bulb of the thermometer must be 
in the water. 


3. Allow the ice-water bath and thermometer to sit for 10 to 15 minutes. 


4. Gently move the thermometer around in the ice-water bath so that it will be thoroughly 
cooled. 


5. Read the thermometer. If it reads between -0.5° C and +0.5°C, the thermometer is 
fine. 


6. If the thermometer reads greater than +0.5° С, check to make sure that 
there is more ice than water in your ice-water bath. 


7. If the thermometer reads less than -0.5° C, check to make 
sure that there is no salt in your ice-water bath. 


8. If the thermometer still does not read between 
-0.5° C and +0.5° C, replace the thermometer. If 
you have used this thermometer for 
measurements report this to GLOBE. 


Crushed Ice 
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Thermometer Sensor Calibration l 
Field Guide 


Task 


Calculate the air and soil sensor correction offsets used to adjust for instrument accuracy errors, 


What You Need 
Û Calibration thermometer that has Û Digital Max/Min Thermometer 
been checked following the Calibration and Reset Data Sheet 


instructions in the Thermometer 
Calibration Lab Guide 


Note: If you are only recalibrating the air sensor, skip the portions of this field guide that pertain to the 
soil sensor. 


In the Field 


- MI 


1. Open the door to the instrument shelter and hang the calibration thermometer and the two 
probes, both air and soil, in the instrument shelter so that they have air flow all around them 
and do not contact the sides of the shelter. Close the door to the instrument shelter. 


2. Wait at least an hour and then open the door to the instrument shelter. Read the temperature 
from the calibration thermometer and record it to the nearest 0.5° С on your Digital Max/Min 
Thermometer Calibration and Reset Data Sheet. 


3. Turn on the air temperature display of the digital multi-day max/min thermometer by pressing 
the air sensor ON button (upper left in button cluster). Read and record the current air 
temperature. 


4. Turn on the soil temperature display of the digital multi-day max/min thermometer by 


pressing the soil sensor ON button (upper right in button cluster). Read and record the 
current soil temperature. 


5. Close the cover flap of the digital thermometer and the door of the instrument shelter. 


6. Repeat steps 2 to 5 four more times, waiting at least one hour between each set of readings Ty 
to space out the five sets of readings over as much of a day as possible. 


7. Report your calibration data to GLOBE. 
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Digital Multi-Day Max/Min 


Thermometer Installation 
Field Guide 


Task 
Install the digital thermometer at your Atmosphere Study Site. 


What You Need 


О Drill with 12 mm spade bit (if doing soil measurements) Tube 
C] Digging tools (if doing soil measurements) 
ÛJ String or wire ties 


О GLOBE instrument shelter (specifications are given in the 
GLOBE Instrument List in the Toolkit section) 


О 120 cm x 2.5 cm PVC pipe (optional) 


Digital 
Max/Min 
Thermometer 


PVC 


Soil Probe wi 


In the Field 


н 


wn 


м © 


Mount the digital thermometer housing to the rear wall of your instrument shelter. The 
housing should be placed so that the digital display may be read easily. 


. Hang the probe labeled Left Sensor so that no part of it contacts the walls and there is airflow 


all around it. This can be done simply by hanging the rolled-up cable for this sensor from the 
op of the shelter, with the probe itself hanging below. 


you will not be taking soil measurements, store the right sensor and its cable neatly in a 
corner of the shelter where it will be out of the way and skip the following steps. 

necessary drill a 12 mm hole, using a drill with a spade bit, in the bottom of the instrument 
shelter, near the back. Feed the right sensor probe through the hole, leaving as much cable as 
possible inside the shelter. You may wish to feed the sensor and wire through a thin PVC pipe 
that will then serve to protect the wire. 


. Choose a site to place the soil temperature probe nearby on the equatorward side (sunny-side) 


of the instrument shelter mounting post. Data collected from soil in unshaded locations are 
preferred. Comments in your site definition should include the amount of shade that the soil 
surface above the probe will experience during a year. 


. Dig a hole to a depth of a little over 10 cm at the chosen location. 


Push the probe horizontally into the side of the hole at a depth of 10 cm. Use a nail or steel 
pin, with a slightly smaller diameter than the probe, to pilot an opening for the probe if 
needed. 


Refill the hole with the soil that you removed. 


. Neatly secure all extra cable for the soil sensor using string or wire ties. Keep as much of the 


excess cable as possible within the shelter. 
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Thermometer Reset 
Field Guide 


Task 


Reset the digital multi-day thermometer to establish the time of reset, which serves as the starting and 
ending time for the 24-hour intervals over which the instrument records maximum and minimum 


temperatures. 


Note: The thermometer should only be reset when it is setup, when the battery is changed, or if your 


time of reset becomes more than one hour from local solar noon. 


What You Need 


О Pen or nail 


Û Digital Max/Min Thermometer Calibration 
and Reset Data Sheet 


ax 211% 
Di 453°C 


i 


Û An accurate watch or other device that tells time 


Location of 
Reset Button 


In the Field 


1. Determine an appropriate time of reset that 
corresponds to the average time of local solar 
noon for your area. It is important that the 
time of reset is within one hour of local solar 
noon for every day that you will be taking 
measurements. If you find that this is not the 
case, then a new time of reset will need to be 
chosen and the instrument reset. 


2. Go to the instrument shelter a little before your desired time of reset and open up the 


instrument shelter and the cover flap of the digital max/min thermometer. 


3. At your desired time of reset, use a nail or the ti 
button, located as shown above. 


p of a pen to press in and release the reset 


4. The digital display screen will briefly flash and then begin reading the current temperature 
The instrument has now been reset. Record the exact time of day, in the Time of Reset section 
of the Digital Max/Min Thermometer Calibration and Reset Data Sheet. This is your time of esc 


5. Report your time of reset and the date to GLOBE in both local and UT time. 
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: Minimum Temperature Protocol 
Field Guide 


Task 
Measure the daily maximum and minimum air temperatures for the past six days. 


Measure the daily maximum and minimum soil temperatures for the past six days. 


What You Need 
Ш A properly sited instrument shelter Ц Pen or pencil 
О A properly calibrated and installed Û An accurate watch or other device that tells time 


digital multi-day max/min thermometer 


Ц Digital Multi-day Max/Min Thermometer Data Sheet 


In the Field 


. Maximum and minimum readings should be taken at least five minutes after your time of reset. 

2. Open the instrument shelter and the cover flap of the digital max/min thermometer being careful 
not to breathe on or touch the air temperature sensor. 

‚ Record the time and date on your Data Sheet in both local and UT time. Note: GLOBE data entry 
should be UT time. 

4. Turn the air temperature display of the thermometer on by pressing the air display ON button 


(upper left button labeled ON). Note: The temperature displayed will be the current air 
temperature. 


pà 


w 


[9i 


‚ Press the air sensor MAX button (middle left button labeled MAX) twice. 
Note: The reading that appears after you press the MAX button once is the highest temperature 
that has occurred since the last time of reset, and is not for a full 24-hour period. It should not be 
recorded. 


6. You should see the MAX symbol displayed on the digital display screen to the left of the 
temperature reading with the symbol D.1 displayed above. Record this temperature on your Data 
Sheet. 


. Press the air senor MAX button again. The symbol D.2 should now be displayed in place of D.1. 
Record the accompanying temperature on your Data Sheet. Repeat this procedure to record data 
for as many of the past six days (D.1 — D.6) as needed. 


Ё 


oo 


To record minimum air temperatures repeat steps 5-7 pressing the air sensor MIN button (bottom 
left button labeled MIN) instead of the MAX button. 


For the soil temperatures, repeat the above steps using the soil buttons on the right side and 
teading from the lower section of the display screen. 


ص 


. After all measurements have been taken close the cover flap of the instrument. It will shut off 
automatically after a short time. 
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Digital Multi-Day Max/Min 
Current Temperature Protocol 


Field Guide 


Task 
Measure the current air temperature. 


Measure the current soil temperature. 


What You Need 
Û A properly sited instrument shelter О Pen or pencil 
Û A properly calibrated and installed О Digital Multi-Day Max/Min Thermometer Data 
digital multi-day max/min thermometer Sheet, Integrated 1-Day Data Sheet, Integrated 
7-Day Data Sheet, Aerosols Data Sheet, Ozone 
Û An accurate watch or other Data Sheet, or Water Vapor Data Sheet 


device that tells time 


In the Field 


1. Open the instrument shelter and the cover flap of the digital max/min thermometer being 
careful not to breathe on or touch the air temperature sensor. 


N 


. Record the time and date on your Data Sheet. 


ES 


Turn the air temperature display on by pressing the air sensor ON button (upper left button 
labeled ON on the front of the instrument casing). 


A 


Read the current air temperature shown in the upper section of the digital display. Record this 
temperature on your Data Sheet. 


Un 


. If soil measurements are being taken, turn the soil temperature display on by pressing the soil 
sensor ON button (upper right button labeled ON). 


6. Read the current soil temperature from the lower section of the digital display. Record this 
temperature on your Data Sheet. 


7. After all measurements have been taken close the cover flap of the instrument. It will shut off 
automatically after a short time. 
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Digital Multi-Day Max/Min Current 
Soil Sensor Error Check 


Lab and Field Guide 


Task 


Check the accuracy of the soil sensor to see if it needs to be dug out and recalibrated. 


What You Need 

Û soil probe thermometer from Û Digital Max/Min Thermometer Calibration and 
Soil Temperature Protocol Reset Data Sheet 

In the Lab and Field 
1. Calibrate a soil probe thermometer following the Calibrating the Soil Thermometer Lab Guide of 


the Soil Temperature Protocol. 


N 


. Open the door to the instrument shelter. 


w 


. Select an undisturbed place about 15 cm from the location of the soil temperature probe. 


ES 


. Measure the soil temperature at a depth of 10 cm at this spot following the Soil Temperature 
Protocol Field Guide. 


Is 


‚ Record this temperature in the Soil Sensor Error Check section of your Digital Max/Min 
Thermometer Calibration and Reset Data Sheet. 


gs 


Turn on the soil temperature display of the digital multi-day max/min thermometer by 
pressing the soil sensor ON button (upper right button). 


zi 


Read the temperature reported by the soil sensor of the digital thermometer and record it on 
your Digital Max/Min Thermometer Calibration and Reset Data Sheet. 


eo 


Close the cover flap of the digital thermometer and the door of the instrument shelter. 


© 


Repeat steps 2 to 8 four more times, waiting at least one hour between measurements. 
10. Calculate the average of the soil thermometer readings. 
11. Calculate the average of the digital soil sensor readings. 


12. Calculate the soil sensor error by subtracting the average of the five digital soil sensor 
readings (from step 10) from the average of the five soil sensor readings (from step 11) 


13. If the absolute value of the soil sensor error is greater than or equal to 2° C, dig-out this 
sensor and recalibrate both the air and soil sensors following the Digital Multi-Day Max/Min 
Thermometer Sensor Calibration Field Guide. Otherwise, leave the digital soil sensor in the 
ground and recalibrate only the air sensor. 
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Changing the Battery in the Digital 
Multi-Day Max/Min Thermometer j 


Field Guide 


Task 


Change the battery in the digital multi-day max/min thermometer. 


What You Need 
Û A new AA-size battery 


Battery 


Û A small Phillips head screwdriver Compartment 


e'r/c 


In the Field ПЕЕ. 
Ce 
1. The battery is in the battery compartment 
in the lower section of the instrument 
casing. 
2. Remove the two little screws located at the } 


upper corners of the compartment cover 
and lift off the cover. 


d 


Change the battery, taking care to ensure 
correct polarity (negative end of battery 


contacting the spring). Battery 


Compartment 
Screws 


EN 


. Replace the compartment cover and 
secure with the two screws. After the 
battery has been changed be sure to recalibrate the instrument. 


Un 


. Recalibrate the air and soil sensors following the Digital Multi-Day Max/Min Thermometer 
Sensor Calibration Field Guide. 


6. Reset the instrument using the Resetting the Digital Multi-Day Max/Min Thermometer Field 
Guide. А 
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Frequently Asked Questions 


1. What should I do if my digital max/min 
thermometer is reading temperatures in 
degrees Fahrenheit instead of Celsius? 

You can change the units by pressing a small 
button located in the battery compartment. Open 
the battery compartment following the 
instructions given in the Changing the Battery in 
the Digital Multi-Day Max/Min Thermometer Field 
Guide. You should see a small round button, 
marked °E/°C (see figure below). Turn on at least 
one of the sensors and press this button. You will 
see the measurement units change from Fahrenheit 
to Celsius. Close the battery compartment. Be sure 
always to have your instrument in Celsius mode 
when taking GLOBE measurements! 

Figure AT-MU-2: Multi-Day Digital Max/Min 


Thermometer Battery Compartment with cover 
removed. 


ө`Е/`С 
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2. What if I find that as the time of local 
Solar noon varies over the year it no longer 
is within an hour of my time of reset? 

For your maximum and minimum temperature 
readings to be valid it is necessary for the time of 
reset to be within one hour of local solar noon. 
Reset your instrument using the Digital Multi-Day 
Max/Min Thermometer Reset Field Guide as close 


as possible to the time of local solar noon (within 
15 minutes). 


3. If I miss reading my maximum 
and minimum temperatures, can I 
still get the readings the next day? 
The max/min temperatures stored in the 
instrument are updated every 24 hours at the 
time of reset. Therefore, these temperature values 
can be collected anytime from about 5 minutes 
after the time of reset on the desired day until 5 
minutes before the time of reset on the next day. 
If you wait until after the time of reset on the 7^ 
day, one day’ data will be lost. However, if they 
are read on the next day, care must be taken to 
match temperatures read from the instrument to 
the days to which they correspond. Maximum 
and minimum temperatures displayed along with 
the D.1 symbol on the instrument display screen 
correspond to the current day when readings are 
being taken after time of reset (as recommended) 
and to the previous day when readings are being 
taken before the time of reset. See the following 
tables for clarification: 


Readings taken AFTER time of reset 
(as recommended). 


Digital Display 


Reading 
Corresponds 
to 24-hours 
Ending: 


Yesterday |2 days ago 


Readings taken BEFORE time of reset 
Digital Display 


Symbol: 


Reading 


Corresponds | Yesterday | 2 days ago | 3 days ago 
to 24-hours 
Ending: 


4. Can I read the thermometer in the 
morning before the time of reset? 

If the thermometer is read in the morning, at 
least 5 minutes before the time of reset, it is 
possible to read the max/min temperatures for 
the past six days. However, the max/min 
temperatures for the current day cannot be read. 
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5. When I first press a MAX or MIN button, 
the instrument displays a reading which 1 am 
not supposed to record; what is this reading? 
The reading displayed when you press a MIN or 
MAX button for the fist time is the minimum or 
maximum temperature for the on-going 24-hour 
period. Since this period is not finished, the 
reading may not be the final maximum or 
minimum temperature for the 24-hours. While it 
is not a valid data measurement that you report 
to GLOBE, it can be used for your own inquiry 
purposes. 


6. How does the digital thermometer worl? 
The thermometer works by measuring the change 
in current running through a constant-voltage 
circuit in which the sensor probe serves as a 
resistor. As the temperature of the sensor changes, 
its resistance changes. The change in current in 
the circuit is inversely proportional to the change 
in the sensors resistance as described by Ohms 
Law which explains that current is equal to voltage 
divided by resistance. So by measuring the current 
going through the circuit, and knowing the 
voltage, it is possible to calculate the resistance of 
the sensor. This is done by the instrument, which 
then reports the probe temperature corresponding 
to that level of resistance. 
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Maximum, Minimum, and 
Current Temperature Protocol 


Purpose 

To measure air (and optionally soil) temperature 
within one hour of solar noon and the maximum 
and minimum air temperatures for the previous 
24 hours 


Overview 

Students read the current, maximum, and 
minimum temperatures from a thermometer and 
then reset the maximum and minimum 
indicators to start a new 24-hour measurement 
period. 


Student Outcomes 

Students will learn to read minimum, maximum, 
and current temperatures using a U-shaped 
thermometer, understand diurnal and annual 
temperature variations, and recognize factors 
that influence atmospheric temperatures. 


Science Concepts 
Earth and Space Science 
Weather can be described by quantitative 
measurements. 
Weather changes from day to day and over 
the seasons. 
Weather varies on local, regional, and 
global spatial scales. 
Geography 
The temperature variability of a location 
affects the characteristics of Earth's 
physical geographic system. 


Scientific Inquiry Abilities 


Use a thermometer to measure 
temperature. 


Identify answerable questions. 


Design and conduct scientific 
investigations. 

Use appropriate mathematics to analyze 
data. 

Develop descriptions and explanations 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and 
explanations. 


Time 
5 minutes 


Level 
All 


Frequency 
Daily within one hour of local solar noon 


Materials and Tools 


Instrument shelter 

Installed maximum/minimum 
thermometer 

Calibration thermometer 

Atmosphere Investigation Data Sheet 


Preparation 
Set up the instrument shelter. 


Calibrate and install the maximum/minimum 
thermometer. 


Review how to read the maximum/minimum 
thermometer. 


Prerequisites 
None 
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Maximum, Minimum, 
and Current Temperature 
Protocol - Introduction 


Temperature and Weather 


Have you noticed that the daily weather forecasts 
are not always correct? This is partly because 
scientists are still trying to learn more about how 
our atmosphere works. Measurements of air 
temperature, and particularly how air temperature 
changes as storms pass by, are important to help 
scientists better understand our atmosphere from 
day to day. This understanding will enable 
meteorologists to accurately predict the weather 
for the next day, or even for the next week. 


Measurements of air temperature are also 
important in understanding precipitation. 
Whether precipitation falls as rain, sleet, snow, or 
freezing rain depends on the air temperature. Air 
temperature also affects the amount of moisture 
that will evaporate and the relative humidity of 
the atmosphere. Moisture evaporated from land 
and water bodies into the atmosphere helps to 
fuel storms and greatly affects our weather. 


Temperature and Climate 


Is this an unusually warm year? Is Earth getting 
warmer as some scientists have predicted? Is the 
average temperature at your school changing 
because of local changes in land cover? To answer 
these and other questions about Earths climate 
measurements are needed of daily maximum and 
minimum air and soil temperatures, month by 
month, year after year. 


Generally, cities are warmer than the land areas 
surrounding them. As cities grow, temperatures 
may get warmer due to the expansion of paved 
areas and concrete buildings. An understanding 
of local variations in warming and cooling helps 
scientists to determine if there is a global change 
in average surface air temperature. Data from 
observations in many different environments, 
from the country to the inner city, are needed to 
study these changes in Earth’s climate. 


Scientists studying Earth's climate are looking for 
patterns of temperature change at different 


latitudes and longitudes. That is, are all places on 
Earth getting warmer or colder at the same rate? 
Computer models predict that if Earth's climate 
is changing due to the effect of greenhouse gases 
on air temperature, more warming will take place 
in the polar regions than in the tropics (although 
the polar regions will remain colder than the 
tropics). Models also predict that average 
nighttime temperatures will increase more than 
average daytime temperature and that an increase 
in temperatures will be more apparent in the 
winter than in the summer. 


Evaluating model predictions of Earth’s changing 
climate requires an enormous amount of data 
taken in many places on Earth over long periods 
of time. Measurements of daily atmosphere 
maximum and minimum temperature by GLOBE 
schools all over the world can help all of us 
improve our understanding of climate. 


Temperature and Atmospheric 
Composition 

Many of the chemical reactions that take place 
between trace gases in the atmosphere are affected 
by temperature. In some cases such as several of 
the reactions involved in the formation of ozone, 
the rate of the reaction depends on temperature 
The presence of water vapor, water droplets, and 
ice crystals also plays a role in the chemistry af 
the atmosphere. 


To understand weather, climate, and atmospheric 
composition, measurements of surface and ail 
temperature are required. GLOBE measurements 
of air temperature near the ground are particularly 
useful because these data are hard to obtain except 
by reading carefully placed thermometers. 
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Teacher Support 
Maximum/Minimum Thermometer 


There are two instruments available to take daily 
measurements of maximum and minimum 
temperature. One is a liquid-filled thermometer 
and the second is a digital thermometer. The digital 
thermometer is also available with a soil probe 
that can be buried in the ground so that soil 
temperatures can also be measured. The use of 
these instruments is described in this protocol. 
There is also another type of max/min 
thermometer, called a digital multi-day max/min 
thermometer, which logs temperatures for six 
days, and is described in the Digital Multi-Day 
Max/Min/Current Air and Soil Temperatures Protocol. 


The liquid-filled maximum/minimum thermometer 
is a horseshoe-shaped tube with two indicators 
that show the maximum and minimum 
temperatures that have occurred since they were 
reset. See Figure AT-MM-1. On the maximum side, 
the temperature scale is such that temperature 
increases as you go from bottom to top (as with 
typical household thermometers). On the 
minimum side, however, the scale shows 
temperature decreasing as you go from bottom to 
top. 


Figure AT-MM-1: Maximum/Minimum Thermometer 


Minimum 6° C 


Most of the liquid in the thermometer is in the 
bulb which is at the top of the minimum side. As 
the temperature increases, the expansion of the 
liquid in the bulb pushes the mercury down on 
the minimum side and up on the maximum side. 
The indicator at the top of the mercury column 
on the maximum side of the thermometer is 
pushed upward. When the temperature drops, the 
column of mercury moves in the opposite 
direction, but the indicator on the maximum side 
remains in place indicating the highest 
temperature reached. As the temperature 
decreases, the mercury column rises on the 
minimum side of the thermometer until it reaches 
the indicator pin on the minimum side. Then, if 
the temperature continues to decrease, it pushes 
this indicator upward. When the temperature 
again increases, the indicator on the minimum 
side remains in place to indicate the lowest 
temperature reached. 


The liquid-filled maximum/minimum thermometer 
is different from the type of thermometer familiar 
to most students. Thus, most students will benefit 
from practice in reading this type of thermometer 
prior to taking data in the field. This practice can 
be accomplished in several ways. You can hang 
the maximum/minimum thermometer in the 
classroom for a period of time and ask students 
to read it each day as they come in. Alternatively, 
you can copy the drawing of the maximum/ 
minimum thermometer given in the Appendix, 
draw in a mercury column and the two indicators 
(which should be of a length equal to about 8° C) 
and ask the students to read the current, 
maximum, and minimum temperatures indicated 
on each drawing. Along these same lines, you 
could ask the students to make their own drawings 
showing specified current, maximum, and 
minimum temperatures. 


The digital thermometer records and displays 
temperatures in 0.1" C increments. The sensor for 
reading air temperature is located inside the 
housing of the instrument. The thermometer is 
also available with an optional second sensor 
attached to a three meter long cord. This second 
sensor can be buried in the ground to measure 
soil temperature. If you are going to be taking both 
air and soil measurements it is important that you 
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correctly label the sections of the display screen 
that apply to each sensor. This can be done by 
sticking two pieces of tape, labeled ‘AIR’ and SOIL, 
on the plastic casing of the thermometer to the 
right side of the display screen. 


Instrument Maintenance 


The instrument shelter should be kept clean both 
inside and outside. Dust, debris, and spider webs 
should be removed from the inside of the shelter 
with a clean, dry cloth. The outside of the shelter 
may be lightly washed with water to remove 
debris, but try to avoid getting too much water 
inside the shelter. If the outside of the shelter 
becomes very dirty, it should be repainted white. 


Thermometer Calibration 


If you are using the liquid-filled maximum/ 
minimum thermometer, then approximately every 
three months you should check the calibration of 
your maximum/minimum thermometer against 
your calibration thermometer. If they disagree, 
recalibrate the thermometer. Roughly once a week, 
check that both sides of the maximum/minimum 
thermometer read the same. If they don't, 
recalibrate the thermometer. 


If you are using a digital thermometer it is 
important that you calibrate it using a calibration 
thermometer. This calibration is done by 
comparing readings from the two thermometers 
and calculating the offsets that account for the 
difference between the digital thermometer 
readings and the true temperature. When the 
instrument is first set up both the air and soil 
sensors are calibrated following the Digital Single- 
Day Max/Min Thermometer Sensor Calibration Field 
Guide. Then every six months a check is made to 
see if the soil sensor is operating acceptably by 
comparing the temperatures that it is reporting 
to temperatures measured with a soil probe 
thermometer following the Digital Single-Day Max/ 
Min Thermometer Soil Sensor Error Check Field 
Guide. If the difference between the digital soil 
sensor readings and the soil probe thermometer 
readings is greater than 2° C in magnitude than 
the digital soil sensor is dug out and both the air 
and soil sensors are recalibrated. If the difference 


is 2° C or more, the soil probe can be left buried 
and just the air sensor recalibrated. 


Helpful Hints 


Remind students that the mercury pushes the 
bottom of the indicators until the maximum or 
minimum temperatures are reached. Therefore, 
students should remember to read the maximum 
and minimum temperatures from the bottom (the 
end closest to the mercury column) of the 
indicators. To help students remember to read th 
bottom of the indicators, remind them that they 
are reading the highest point the mercury reached 
since the pins were reset. 


a 


If your thermometer has a Fahrenheit scale, paint 
over it so that students will not read it by mistake. 
One of the most common errors in the 
temperature data in the GLOBE data base is the 
reporting of temperature read in degrees 
Fahrenheit as if it were a reading in degrees 
Celsius. Before using the maximum/minimum 
thermometer, make sure that the column of 
mercury is continuous. Jarring during shipping 
can sometimes cause the mercury to separate into 
segments. If there are gaps in the mercury column, 
follow the instructions given in the Frequently 
Asked Questions section. 


Questions for Further Investigation 
When does temperature change the most from 
day to day? 

What are the latitudes and elevations of othet 
GLOBE schools with atmosphere temperature data 
similar to yours? 

How does vegetation in your area respond 0 
changing temperature? 


i е 
Is your local environment affected more by averag 
temperature or temperature extremes? 
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Thermometer Calibration 


Lab Guide 


Task 


Check the calibration of the calibration thermometer. 


What You Need 
Û Calibration thermometer Û Crushed ice 


О Clean container at least 250 mL in size (О Water (distilled is ideal, but the key is that the 
water is not salty) 


In the Lab 


‚ Prepare a mixture of fresh water and crushed ice with more ice than water in your container. 


mn 


‚ Put the calibration thermometer into the ice-water bath. The bulb of the thermometer must be 
in the water. 


N 


w 


. Allow the ice-water bath and thermometer to sit for 10 to 15 minutes. 


= 


Gently move the thermometer around in the ice-water bath so that it will be thoroughly 
cooled. 


[S 


‚ Read the thermometer. If it reads between -0.5° C and 40.5* C, the thermometer is fine. 


© 


If the thermometer reads greater than +0.5° C, check to make sure that there is more ice than 
water in your ice-water bath. 


si 


. If the thermometer reads less than -0.5° C, check to make sure that there is no salt 
in your ice-water bath. 


со 


If the thermometer still does not read between -0.5° C and +0.5°С, 
replace the thermometer. If you have used this thermometer 
for measurements report this to GLOBE. 


Ice Cubes 
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Maximum/Minimum Thermometer 
Calibration 


Field Guide 


Task 


Check the calibration of the maximum/minimum thermometer. 


Adjust the maximum/minimum thermometer if necessary. 


What You Need 


Û Calibration thermometer that has O Atmosphere Investigation Data Sheet 
been checked following the instructions in 
the Thermometer Calibration Lab Guide 


In the Field 


Day 1 
Hang the calibration thermometer in the instrument shelter so that the bulb of the thermometer is not 
touching any surface. 


Day 2 

1. After reading the current, maximum, and minimum temperatures on the maximum/minimum 
thermometer, read the temperature on the calibration thermometer to the nearest 0.5° C. 

2. Compare this reading with the current temperature from both the maximum and the 
minimum sides of the maximum/minimum thermometer. 

3. If these readings are within +/- 0.5* C of the reading on the calibration thermometer, note in 
your metadata that the calibration of the maximum/minimum thermometer 15 good and 
complete the Maximum, Minimum, and Current Temperature Protocol. 

4. If the current temperature reading from either side of the maximum/minimum thermometer is 
not within 4/- 0.5° C of the reading on the calibration thermometer, proceed with the 
following steps: 

5. Record the current temperatures from both the maximum and minimum sides of the 
maximum/minimum thermometer and the temperature reading of the calibration 
thermometer as comments for today on the Atmosphere Investigation Data Sheet. 

(Report all three temperatures.) 

6. Leave the calibration thermometer hanging in the instrument shelter. 

7. Remove the maximum/minimum thermometer from the instrument shelter. Do not touch the 
bulb of this thermometer. Keep the thermometer out of direct sunlight. 

8. Loosen the screw so that the scales on the thermometer can move. 

9. Slide the scales so that the current temperature reading agrees with the calibration 
thermometer reading. 

10. Tighten the screw so that the scales are locked in place once more. 

11. Remount the maximum/minimum thermometer in the instrument shelter and reset the 
indicators to the top of the mercury on both sides. 

12. Record and report only the current temperature for today using the value from the 
thermometer. 

13. Record in your metadata for today that the thermometer required recalibration. 


calibration 


е 
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Maximum, Minimum, and 
Current Temperature Protocol 


Field Guide 


Task 
Measure the current, maximum, and minimum air temperatures. 


Reset the maximum and minimum indicators to start the next 24-hour measurement. 


What You Need 
Û A properly sited instrument shelter Û Atmosphere Investigation Data Sheet 
Û A properly calibrated and installed О Pen or pencil 


maximum/minimum thermometer 


In the Field 
‚ Record the time and date on the Atmosphere Investigation Data Sheet. 
. Open the instrument shelter being careful not to touch or breathe on the thermometer. 
. Position yourself so that your eye is level with the mercury in the thermometer. 


1 
2 
3 
4. Read the level of the mercury on the maximum side of the thermometer to the nearest 0.5" C. 
5. Record this reading as the current temperature. 

6 


‚ Read the bottom of the indicator on the maximum side of the thermometer to the nearest 
05°С. 


E 


. Record this reading as the maximum temperature. 


8. Read the bottom of the indicator on the minimum side of the thermometer to the nearest 
0.5* C. Remember that the temperature scale is upside down. 


9. Record this reading as the minimum temperature. 


10. Use the magnet to gently move the maximum and minimum indicators down until they just 
touch the mercury. 


11. Close the instrument shelter. 
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Digital Single-Day Max/Min 


Thermometer Sensor Calibration 
Field Guide 


Task 


Calculate the air and soils sensor correction offset used to adjust for instrument accuracy errors. 


What You Need 
Û Calibration thermometer that has been О Digital Max/Min Thermometer 
checked following the instructions in the Calibration Data Sheet 


Thermometer Calibration Lab Guide 


Note: If you plan on performing only air temperature measurements, or are only recalibrating the air 
sensor, skip the portions of this field guide that pertain to the soil sensor 


In the Field 


1. Open the door to the instrument shelter and hang the calibration thermometer, the digital 
thermometer, and the soil sensor in the instrument shelter so that they have air flow all 
around them and do not contact the sides of the shelter. 


2. Close the door to the instrument shelter. 


3. Wait at least an hour and then open the door to the instrument shelter. Make sure that your 
digital thermometer is displaying the current temperature(s) (Neither ‘MAX’ or ‘MIN’ symbols 
should be displayed on the screen. If they are, press the MAX/MIN button until they 
disappear). 


4. Read the temperatures reported by the air sensor and the soil sensor of the digital 
thermometer and record them on your Digital Max/Min Thermometer Calibration and Reset Dalt 
Sheet. 


5. Close the door of the instrument shelter. 


6. Repeat steps 2 to 5 four more times, waiting at least one hour between each set of readings 
Try to space out the five sets of readings over as much of a day as possible. 


7. Report your calibration data to the GLOBE Web site. 
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pigital Max/Min Thermometer 


Installation 
Field Guide 


Task 


Install the digital thermometer at your atmosphere study site. 


What You Need 


Û GLOBE instrument shelter 
(specifications are given in the GLOBE 
Instrument List in the Toolkit section) 


О Drill with 12 mm spade bit (if doing soil measurements) 
О String or wire ties 


О 120 cm X 2.5 cm PVC pipe (optional) 


C] Digging tools (if doing soil measurements) 


In the Field 


m" 


Digital 
Max/Min 
Thermometer 


PVC 
Tube 


10 cm 


Soil Probe 
(optional) 


. Mount the digital thermometer housing to the rear wall of your instrument shelter. The 


housing should be placed so that the digital display may be easily read. 


кю 


If you are not going to be taking soil temperature measurements, store the soil sensor (if your 


thermometer has one) and its cable neatly in a corner of the shelter where it will be out of the 
way and skip the following steps. Otherwise, proceed to step 3. 


w 


. If necessary, drill a 12 mm hole, using a drill with a spade bit, in the bottom of the instrument 


shelter, near the back. Feed the soil sensor probe through the hole, leaving as much cable as 
possible inside the shelter. You may wish to feed the sensor and wire through a thin PVC pipe 


that will serve to protect the wire. 


= 


Choose a site to place the soil temperature probe nearby on the equatorward side (sunny-side) 


of the mounting post for the instrument shelter. Data collected from soil in unshaded locations 
are preferred. Comments in your site definition should include the amount of shade that the 


soil surface above the probe will experience during a year. 


au 


. Dig a hole to a depth of a little over 10 cm in depth at the chosen location. 


Push the probe horizontally into the side of the hole at a depth of 10 cm. Use a nail or steel 


pin, with a slightly smaller diameter than the probe, to pilot an opening for the probe if 


needed. 


ч 


Refill the hole with the soil that you removed. 


© 


excess cable as possible within the shelter. 


Neatly secure all extra cable for the soil sensor using string or wire ties. Keep as much of the 
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Digital Single-Day Maximum and 
Minimum Temperature Protocol 


Field Guide 


Task 

Measure the current, maximum, and minimum air temperatures from the digital single-day 
thermometer. 

Measure the current, maximum, and minimum soil temperatures from the digital single-day 
thermometer (optional). 

Reset the digital thermometer to start the next 24-hour measurement 


What You Need 
Ш A properly sited instrument shelter C] An appropriate Data Sheet 
Û A properly calibrated and installed О Pen or pencil 


digital single-day max/min thermometer 


Û An accurate watch or other 
device that tells time 


Note: Make sure that the digital thermometer is reading in Celsius units. If it is not, press the OF 4 
button to switch to Celsius units. 


In the Field 


1. Within an hour of local solar noon, open the instrument shelter being careful not to breathe 
on the thermometer. 


2. Record the time and date on your Data Sheet in both local and UT time. Note: GLOBE Web 
site entry should be UT time. 

3. Make sure that your thermometer is displaying the current temperature(s) (Neither МАХ oF 
‘MIN’ symbols should be displayed on the screen. If they are, press the MAX/MIN button until 
they disappear). 

4, Record the current air temperature on your Data Sheet. If you are taking soil readings, also 
record the soil temperature. 

5. Press the MAX/MIN button once. 


6. Maximum temperature reading(s) will now be displayed along with the ‘MAX’ symbol on the 
display screen. 


7. Record the maximum air temperature on your Data Sheet. If you are taking soil readings, 450 
record the maximum soil temperature. 
8. Press the MAX/MIN button a second time. 


9. Minimum temperature reading(s) will now be displayed along with the ‘MIN’ symbol on the 
display screen. | 


10. Record the minimum air temperature on your data sheet. 1f you are taking soil readings, а e 
record the minimum soil temperature, 


11. Press and hold the MAX/MIN button for one second. This will reset your thermometer. 
12. Close the instrument shelter. 
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‘Digital Single-Day Max/Min 
Thermometer Soil Sensor Error Check 


Field Guide 


Task 


Check the accuracy of the soil sensor to see whether or not it needs to be dug out and recalibrated. 


What You Need 
Û Soil probe thermometer from Û Digital Max/Min Thermometer 
Soil Temperature Protocol. Calibration Data Sheet 
In the Field 
1. Calibrate a soil probe thermometer following the Calibrating the Soil Thermometer Lab Guide of 


the Soil Temperature Protocol. 


N 


. Open the door to the instrument shelter. 


w 


‚ Select a place about 15 cm from the location of the soil temperature probe. 


26: 


Measure the soil temperature at a depth of 10 cm at this spot following the Soil Temperature 
Protocol. 


E: 


Record this temperature in the ‘Soil Sensor Error Check’ section of your Digital Max/Min 
Thermometer Calibration and Reset Data Sheet. 


о 


‚ Make sure that your digital thermometer is displaying the current temperature(s) (Neither 
‘MAX’ or ‘MIN’ symbols should be displayed on the screen. If they are, press the MAX/MIN 
button until they disappear). 


м 


Read the temperature reported by the soil sensor of the digital thermometer and record it on 
your Data Sheet. 


8. Close the door of the instrument shelter. 


© 


Repeat steps 2 to 8 four more times, waiting one hour between measurements. 
10. Calculate the average of the soil thermometer readings. 
11. Calculate the average of the digital soil sensor readings. 


12. Calculate the soil sensor error by subtracting the average of the five digital soil sensor readings 
(from step 10) from the average of the five soil sensor readings (from step 11) 


13. If the absolute value of the soil sensor error is greater than or equal to two 2° C, then dig-out 
this sensor and recalibrate both the air and soil sensors following the Digital Single-Day Max/ 
Min Thermometer Sensor Calibration. Otherwise leave the digital soil sensor in the ground and 
recalibrate only the air sensor. 
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Frequently Asked Questions 


1. If we missed reading the maximum/ 
minimum thermometer for a day or more 
(over the weekend, holiday, vacation, etc.), 
can we still report the temperature for today? 
You can and should report the current 
temperature. You may not report the maximum 
and minimum temperatures as they are the 
maximum and minimum temperatures for more 
than one day. Reset the indicators and tomorrow 
you can report the maximum, minimum, and 
current temperatures. 


2. What should we do if our maximum/ 
minimum thermometer does not agree with 
the calibration thermometer and we can not 
adjust the scales so that they agree? 

This is rare, but there are some maximum/ 
minimum thermometers that cannot be calibrated 
successfully. In this case, contact the supplier or 
manufacturer, explain that the calibration of the 
thermometer is off, and request a new 
thermometer. 


3. What do we do if there are air bubbles in 
our thermometer? 

For your thermometer to function properly, there 
must be no air bubble in the column of liquid in 
the thermometer and in the maximum/minimum 
thermometer there should be no gaps in the 
column of mercury. There are many techniques 
for reconnecting the columns of liquid in 
thermometers. One technique is to tap the upright 
thermometer casing against your hand. Do not 
press against the stem of the thermometer as this 
could cause breakage. Gently shaking or tapping 
the thermometer casing is much more effective in 
removing the gaps in the mercury than trying to 
heat or cool the thermometer. 


Another technique is to attach a string securely to 
the top of the thermometer. Stand in a clear, open 
space, and swing the thermometer in a circle so 
that the centrifugal force pushes the liquid 
together. In the case of the maximum/minimum 
thermometer which has mercury in it, this 


If repeated tries do not succeed in 
reconnecting the column of liquid, obtaing 4 
replacement thermometer from the manufacturer 

or supplier. 


4. Can we take maximum and minimum 
temperature readings without using a 
thermometer containing mercury? 

The way the horseshoe-shaped maximum/ 
minimum thermometer works is only possible 
using two different liquids, one of which must be 
mercury. To take these data without using a 
thermometer with mercury you must use an 
electronic temperature sensor that remembers the 
maximum and minimum temperatures or that 
stores its readings using a data logger. See the 
Optional Protocols given in the on-line version of 
this Teachers Guide. 


5. The maximum temperature reading on our 
thermometer today is less than the current 
temperature reading yesterday. Is this 

wrong? 

Yes, this is a problem if the difference is more than й 
0.5* C. Sometimes the maximum indicator slips. F 
Report your readings anyway so that GLOBE can 
track these errors. If this problem occurs often 
(more than one day in 20 or 596 of the time), check 

to see that your instrument shelter is mounted 
firmly and securely and that there are no routine 
sources of vibration shaking the shelter. If you 
shelter is securely mounted and there are no 
sources of vibration, contact the supplier and 
replace your maximum/minimum thermometer 
and also inform GLOBE of your problem. 


If the difference is just 0.5° C, this is not a problem, 
but be sure that you are always reading the 
thermometer with your eyes level with the 
mercury. Differences between two observers g 
0.5* C are acceptable. 


6. The minimum temperature reading 01 oni 
thermometer today is greater than the 
current temperature reading yesterday. Is 
this wrong? 


See the answer to question 5. 
procedure should be done by the teacher and not а й 
the students. | 
= = sphere 
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Maximum, Minimum, and 
Current Air Temperature — 
Looking At the Data 


Are the data reasonable? 

Air temperature varies throughout a 24-hour period. 
In some places there may be large daily changes in 
temperature, while in others this variation may be 
quite small. Figure AT-MM-2 shows a graph of air 
temperature over the course of a day with 
measurements taken every 15 minutes. You can 
see on this graph the current(Tcurrent), maximum 
(Tmax), and minimum (Tmin) temperatures for this 
day. You will use your horse-shoe-shaped 


thermometer to record the maximum and 
minimum temperatures so that you only need 
to read the thermometer once each day, within 
one hour of local solar noon. 


By definition Tmax must be the highest 
temperature for this time period and Tmin 
must be the lowest. 


Therefore, 


Tow: «T, 


max = “current and Tmin € current 


for Tuyen, at both the beginning and the end of 
the 24-hour period. If these inequalities are not 
true, then something is wrong with the Tmax or 
the Tmin for this day. 


Figure AT-MM-2: Temperature Variation Over a 24-hour Period 
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Looking at a graph of these data, such as Figure 
AT-MM-3, makes it easy to check them visually. 


Another check on the reasonableness of data from 
a single day is to compare them with data from 
near-by GLOBE schools or other sources of 
temperature data. Figure AT-MM-4 shows the data 
from asingle day for 12 schools that are reasonably 
close to one another. Table AT-MM-1 gives the air 
temperature data for the schools shown in this 
figure. All the schools shown are in reasonable 
agreement. 


What do people look for in these data? 


In climate studies, scientists are interested in the 
average temperature over various time periods and 


year to year so comparing temperatures from the 
same day in different years is nota good indication 
of climate variation. To really be able to Compare 
year-to-year changes, you must average Over 
multiple weather systems. A month is long enough 
to average out the effects of individual storms, bu 
not so long that seasonal variations are averaged 
out. 


The average temperature for a day can be 
estimated by averaging the maximum and 
minimum temperatures for that day. Research has 
shown that this estimate is generally within 
0.1° C of the actual average value. For the school 
we are considering on April 15, 1998: 


in the extreme values. On most days, air Ташу = 10.0" C 
temperature varies with the diurnal (daily) cycle : 
of sunlight, and this variation is often larger than Tmin = 20°С 
the change from day to day. Mg dal 10.0° C + 2:0* € 
In many places, air temperature varies significantly Yee 2 б 2 E 
as weather systems move across the region in a 
succession of cold fronts and warm fronts. The 
exact timing of these weather systems varies from 
Table AT-MM-1: Data for the Schools Shown in Figure A-MM-4 for April 15, 1998 EB 
MxTmp MnTmp  CrTmp Hour Lat Lon Elev Location of School 
14.0 0.0 12.0 11 50.0477 14.4393 272 Praha 4, CZ 
130 51/0 12.0 12 49.7667 16.9167 273 Mohelnice, CZ 
12.0 -1.0 8.0 10 50.1328 14.4035 322 Praha 8, CZ 
12.0 3.0 12.0 11 50.0630 14.4340 272 Praha 4, CZ 
11:2 0.9 11.0 9 50.4387 15.3523 868 Jicin,CZ 
110 -40 10.0 NE 48.9737 14.5027 395 Ceske Budejovice, CZ 
11.0 2.0 9.0 10 49.9078 16.4218 460 Ceska Trebova, CZ 
OS 15152 10.2 11 49.9042 16.4432 350 Ceska Trebova, CZ 
100 2.0 9.0 11 49.5420 15.3537 518 Humpolec, CZ 
10.0 5.0 8.0 12 49.2080 16.6833 265 BRNO, CZ 
100 00 80 1 ^ 495190 "162500 570 Bystrice Nad Perstejnem, С 
9.0 -20 9.0 11 49.3167 163417 485 Deblin, CZ 
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Figure AT-MM-3: Air Temperature Data for One Month from a GLOBE School 
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Figure AT-MM-4: GLOBE School Data for Maximum Temperature for a Single Day 
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The monthly average temperature can also be 
calculated by averaging the maximum and 
minimum temperatures for every day in the 
month. From the values in Table AT-MM-2, for 
Gymnazium Dr. A. Hrdlicky the monthly average 
air temperature for April 1998 is: 


Шеше (April 1998) = 10.4 C. 


Most living things are sensitive to the extremes in 
temperature. This is particularly true when 
temperatures go below the freezing point of water 
(0.0° C). Looking at the minimum temperature 
curve in Figure АТ-ММ-3, it is easy to see that the 
temperature for this whole month never dipped 
below freezing. The lowest temperature measured 
was 1° C. The maximum temperature for the 
month was 21° C. 


As student researchers, you should consider 
comparing temperatures, average temperatures, 
and temperature extremes between different 
schools or locations. You can compare monthly 
average temperatures from one year to another 
and look at the pattern of monthly average 
temperatures over the year. It is also interesting 
to look for the first and last days of the cold season 
when the minimum temperature is below freezing. 
Anumber of other sections in this Guide describe 
useful correlations of air temperature with other 
phenomena. 


In comparing schools, remember that the 
atmosphere gets colder as elevation increases. 
Also, most large cities are warmer than the 
surrounding country side. This is called the urban 
heat island effect. Praha (Prague) is a large city. 
From the data in Table AT-MM-1 it is clear that 
the schools in Praha are at lower elevations as well 
as being in a city, and on this day they have the 
warmest maximum temperatures. 


An Example of a Student Research 
Investigation 


Forming a Hypothesis 

A student at a school in Humpolec, CZ looks at 
the visualizations of maximum temperature for 
several days in April 1998. She notices that the 
values for the schools in Praha are warmer than 
those for her school for a number of days. She 


Table AT-MM-2: Temperature Data for April 1998 


Date Temperatures | 
|+ (yyyymmdd) Current Maximum Minimum 
19980430 15.0 18.0 11.0 
19980429 18.0 18.0 13.0 
19980428 17.0 20.0 12.0 
19980427 20.0 21.0 14.0 
19980426 19.0 20.0 10.0 
19980425 18.0 20.0 8.0 
19980424 18.0 18.0 6.0 
19980423 17.0 17.0 6.0 
19980422 15.0 15.0 6.0 
19980421 14.0 14.0 3.0 
19980420 10.0 10.0 4.0 
19980419 7.0 11.0 2.0 
19980418 10.0 10.0 3.0 
19980417 9.0 10.0 4.0 
19980416 8.0 9.0 6.0 
19980415 9.0 10.0 2.0 
19980414 8.0 10.0 1.0 
19980413 10.0 11.0 5.0 
19980412 11.0 13.0 5.0 
19980411 12.0 12.0 6.0 
19980410 11.0 13.0 5.0 
19980409 13.0 13.0 3.0 
19980408 10.0 13.0 6.0 
19980407 13.0 13.0 2.0 
19980406 11.0 16.0 6.0 
19980405 16.0 18.0 6.0 
19980404 17.0 17.0 5.0 
19980403 14.0 15.0 6.0 
19980402 13.0 20.0 10.0 
| 19980401 18.0 18.0 6.0 

Total 443.0 182.0 


From Gymnasium Dr. A. Hrdlicky 


asks if this could be true on average. As a simple 
starting point for her research she hypothesizes 
that: Monthly average temperatures in Praha are 
warmer than in Humpolec. 


Collecting Data 

Data have been collected by GLOBE schools in 
Praha for April 1998, so she decides to test her 
hypothesis using this month as her sample. She 
starts by identifying the GLOBE schools in Praha 
which have reported data for this time period. She 
finds five schools. Then she graphs the maximum, 
minimum, and current temperatures from each 
school and looks at the graphs to be sure that the 
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data are of good quality. She decides that they 
are good enough for her project as she will be 
combining the data from all five schools. 


Analyzing Data 

As a first step in getting the data from these 
schools, she generates a plot of the maximum 
temperature data for April 1998 from her school 
and the schools in Praha. She then creates a data 
table with all the values for this graph. She saves 
this information either by printing the table from 
the computer, cutting and pasting the table into 
a spreadsheet, or copying down the values by 
hand. She does the same thing for the minimum 
temperatures. Now she calculates the average of 
all the maximum and minimum temperatures 
reported by the schools in Praha for this month. 
She gets a value of 12.6' C. Since this is greater 
than the value for her school of 10.4 C, her 
hypothesis is supported. 


She wonders if averaging all the temperatures is 
correct, since on some days all five Praha schools 
provided data but on other days only one school 
reported. She decides to calculate the monthly 
average for each individual school and then 
average these five values. Her results for the five 
schools are 11.6° C, 12.1° C, 12.5° C, 13.0 C, 
and 14.4 C and the average of these values is 
12.7 C which is in good agreement with the 
original average she calculated for Praha of 12.6" С. 


She then proceeds to write-up her hypothesis, 
her procedure, and her conclusions and includes 
calculations she has done and graphs she has used 
or made. As a final note, she discusses additional 
tests of her hypothesis that she would like to 
investigate in the future including doing the 
comparison for April of another year or even 
doing the comparison for all months of the year 
1998. 


Further Data Analysis 


If the student doing this project has been taught 
about square roots and some elementary statistics, 
she could go a bit further and examine the 
statistical errors in her calculations of monthly 
average temperatures. All of the schools involved 
in this example reported temperature to the 
nearest degree Celsius instead of to the nearest 


0.5° C. How can she tell? Well she notices that aj} 
of the values reported have 0 in the tenths place 
If readings were taken to the nearest half degree 
there should be some values with 5 in the tenths 
place. So, given the accuracy of GLOBE 
instruments and the readings by the students, the 
error in the individual measurements is + 1 (y C, 
The error in the average depends on the number 
of independent measurements included, so for 
each school the statistical error in the average is; 


if N = number of measurements 


REUS 
Error = 2 °C * тү 
А 1 
Error =+ 1 CN 


For the schools with data for 22 or fewer days (and 
therefore 2 x 22 = 44 or fewer measurements), 
the error is approximately + 0.2° C while for 
schools with more measurements the error is 
about + 0.1° C. Given these statistical errors, the 
student concludes that the differences among the 
schools’ monthly averages are larger than the 
errors and therefore statistically significant. This 
is true even among the schools in Praha. This 
strengthens her confidence that the hypothesis has 
been supported by the data because the monthly 
average temperature in Humpolec in April 1998 
is lower than for any of the schools in Praha as 
well as being lower than the average of all data 
from Praha. 


Advanced Data Analysis 

A more advanced student would not calculate the 
statistical error using all the measurements from 
the five schools taken together because these data 
are not independent of one another. On a given 
day in Praha, the data from the five schools should 
be correlated because they are experiencing 
approximately the same weather. Realizing this 
an advanced student decides to make two mor 
checks on her conclusion. 


: e 
First, she decides to calculate the avera 


temperature for each day of April in Praha. For 
each day she sums the maximum and minim» 
temperatures from all schools which have data lor 
that day and divides by the number 
measurements reported. The results of this E 
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Table АТ-ММ-3: Maximum and Minimum Temperature Data for Five Schools in Praha for April 1998 
conga I 


School: Zakladni Skola, | Masarykova stredni| Zakladni Skola Zakladni Skola | Gymnazium Daily 
n.Inter. skola chemicka Horackova 
= Tac Ле | лш серт тс | MUCH rre ТС TC 
4/1/1998 21 CUN UNO SUME ee МТ 
4/2/1998 yp © "oon EET 10 e cce na utet ie Ы 
4/3/1998 7 өз: |80 толе PUE و‎ Аа 15:8 
4/4/1998 gs agree ERA E c Naga a EU lt odes MENS 
4/5/1998 14 5 == — 15 8 — == e PIT LOSS 
4/6/1998 4 A — — 18 8 — — — — 11.0 
4/7/1998 5 3 18 8 19 8 — — 26 5 12.8 
4/8/1998 4 4 س‎ — 17 9 11.0 
4/9/1998 6 Sit, Me Р с а PUR Me mE ов 
4/10/1998 4 еу то a атату еве uu FR 
4/11/1998 14 2 — — 14 7 — — — — 9.3 
4/12/1998 4 2 — — 15 1 — — — — 8.0 
4/13/1998 — — — — 15 4 — — — — 9.5 
4/14/1998 — — — — 15 -8 — — — — 8:9 
4/15/1998 — — — — 12 -l 14 0 12 B 6.7 
4/16/1998 — — 15 4 13 5 14 5 14 5 9.1 
4/17/1998 — — 15 5 17 7 13 1 14 2 9.3 
4/18/1998 — — — — — — 15 4 — — 9.5 
4/19/1998 — — — — — — — — — — 
4/20/1998 — — — — — — -- — — — 
4/21/1998 df 8 21 5 — — 16 Ai 16 2 11.1 
4/22/1998 16 4 16 6 — — 16 5 17 С) 10.4 
4/23/1998 17 4 21 9 — — 20 5 21 3 12.5 
4/24/1998 18 8 23 9 — — — — 25 4 14.5 
4/25/1998 20 7 — — 19 8 — — — — 13,5 
4/26/1998 24 10 — — 24 ll — — — — 17.3 
4/27/1998 24 10 — — 25 12 — — 26 10 17.8 
4/28/1998 24 10 24 12 25 13 23 12 25 13 18.1 
4/29/1998 25 9 p» 15 20 13 22 12 21 12 NA 
4/30/1998 22 8 22 13 23 10 | 20 12 |. 23 9 16.2 
Total 396 136 259 115 - | 407 168 | 173 58 240 TL 393.7 
Number 22 as e 4З | nec СОДА E u e 
of days | 1 
M 180 62 | 1957 WS Оа A 123 58 | 200 59 
ud 12.1 14.4 12.5 11.6 13.0 119 
ae + AF T 
pa 02 03 02 03 03 0.2 
шде as = 
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given in the right-hand column of Table AT-MM- 
3. This process gives her average temperatures 
for 28 days in April and she averages these to get 
the monthly average temperature for Praha. The 
result is 11.9° C with a statistical error of + 0.1° 
C, and this value is significantly lower than the 
other results. However, this monthly average is 
still significantly higher than that for Humpolec 
and the hypothesis is still confirmed. 


Second, she notices that for two days, April 19 
and 20, there is no data from any of the Praha 
schools. Were these abnormally cold or warm days 
which might bias the monthly average? Generally, 
Humpolec is close enough to Praha so that they 
experience similar periods of cold or warm 
weather as weather systems move through the 
Czech Republic. The student looks at the data 
from her school for these two days to get an 
indication of whether these were unusual days 
relative to the monthly average for April. The 
average temperatures for these two days were 7.0° C 
and 6.5° C, respectively. Both were significantly 
colder than the monthly average. Missing data for 
these two days could bias the monthly average 
for Praha, but by how much? To estimate this, 
the student decides to calculate the monthly 
average for Humpolec omitting these two days. 
The monthly average which one would obtain if 
data were missing for these two days is 10.7° C, 
0.3° C higher than the actual average calculated. 
This is a significant effect, but it is not large 
enough to change the conclusion that average 
monthly temperature in Praha is higher than in 
Humpolec for the month of April 1998. 


Explaining and Communicating Results 


Knowing that average temperatures in Praha ate 
higher than in Humpolec does not explain why 
this is the case. Pursuing this question is more 
challenging, but should be more rewarding. Tyo 
common effects could explain the systematic 
temperature differences observed — urban heat 
island effects and differences in elevation, 4 
student might hypothesize that the warmer 
conditions in Praha compared to Humpolec are 
due to the difference in elevation. To test this 
hypothesis, the student would need to assemble 
data from schools in the Czech Republic at 
different elevations. For instance, Mohelnice and 
Jicin are both relatively small towns with 
Mohelnice at about the same elevation as Praha 
and Jicin at an elevation 350 meters higher than 
Humpolec. See Table AT-MM-2. If average 
temperatures in Mohelnice are about the same as 
those in Praha while the variation in average 
temperatures between Mohelnice, Humpolec, and 
Jincin are proportional to altitude, the hypothesis — 
would be supported. Differences in latitude also 
affect average temperature. With an increase of2 1 
to 2.5° of latitude roughly equivalent to a 150 
meter increase in elevation, the latitude effects 
should be significantly smaller than the elevation 
effects for these cities. Addressing questions such 

as this one is easier where there are many GLOBE 
schools consistently reporting data. 


A 
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Current Temperature 


Purpose 
To measure the current air temperature when 
an instrument shelter is not available 


Overview 

Current air temperature is measured using a 
thermometer held in the open air but in the 
shade for at least 3 minutes. 


Student Outcomes 
Science Concepts 
Atmospheric Science 
Weather can be described by quantitative 
measurements. 
Weather changes over different time and 
spatial scales. 
Weather changes over seasons. 
Physical Science 
Properties can be measured by tools. 
Geography 
Temperature variations affect the 
characteristics of Earth's physical 
geographic system. 
Scientific Inquiry Abilities 
Use a thermometer to measure temperature. 


Time 


5 minutes 


Level 
All 


Frequency 
As needed in support of other GLOBE 
measurements 


Calibration every three months 


Materials and Tools 
Alcohol-filled thermometer (calibration 
thermometer or sling psychrometer) 
A clock or watch 
Rubber band and a piece of string (if 
calibration thermometer is used) 
Data sheets 


Preparation 
Find a shady spot for your air temperature 
measurement. 


Prerequisites 
None 


Teacher Support 


This method should be used only when an 
instrument shelter is not available and a current 
temperature measurement is required in support 
of another GLOBE measurement. Remember to 
define the appropriate site for your measurements 
бе, if other atmosphere measurements are taken 
this is would be an Atmosphere Study Site, if soil 
temperature measurements are taken, this is a Soil 
Temperature Study Site, etc.). 


Calibration and Quality Control 

This measurement takes only a few minutes to 
complete. The main concern is to allow sufficient 
time for the thermometer to equilibrate to the 


temperature of the air, perhaps three to five 
minutes. In addition, the shady spot you use 
should not be adjacent to a building or other large 
structure, such as a tree. Try to maintain a distance at 
least 4 meters away from any such object, and take 
the measurement over a natural surface, such as 
vegetation, rather than concrete or paved walkways. 


Your organic liquid-filled thermometer should be 
calibrated at least every three months as well as 
before its first use. Calibrate it following the 
instructions in the Maximum, Minimum, and 
Current Temperatures Protocol. The thermometers 
on your sling psychrometer should also be 
calibrated at least once every three months and 
before first use following the instructions in the 
Relative Humidity Protocol. 
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Current Air Temperature Protocol 
Field Guide А 
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То measure current air temperature in support of other GLOBE measurements 


What You Need 
Û String and rubber band and ÛJ Clock or watch 
calibration thermometer OR 
Sling psychrometer Û Pen or pencil 


Û Data Sheet 


In the Field 
1. Tie one end of a piece of string securely to the end of the calibration thermometer and the 
other end to a rubber band. 


2. Slip the rubber band around the wrist so that the thermometer is not broken if it is 
accidentally dropped on the ground. 


OR L 
Use the dry bulb thermometer on your sling psychrometer. 


3. Hold the thermometer at chest height, in the shade, and away from your body for three 
minutes. 


4. At the end of three minutes, record the temperature reading in your science log 
5. Hold the thermometer the same way for another minute. 


6. At the end of the minute, record the temperature once again. If the temperature is within 
0.5* C of the previous reading, record the reading on your Data Sheet. 


7. If the two temperature readings differ by more than 0.5° C, repeat steps 5 and 6 again. 


8. If two consecutive temperature readings are not within 0.5° C of one another after 7 minutes, 
record the last measurement on the Data Sheet and report your other four measurements in 
the comments section along with a note that your reading wasn’t stable after 7 minutes. 


= re 
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Surface Temperature Protocol 


| Purpose 


To measure surface temperature 


Overview 

Surface temperature is measured with a hand- 
held Infrared Thermometer (IRT). The 
instrument is pointed at the ground to take sur- 
face temperature readings. Cloud Protocols are 
performed along with the Surface Temperature 
Protocol. 


Student Outcomes 

Students will learn to use an infrared thermom- 
eter, and understand how different surfaces 
radiate energy. 


Science Concepts 
Earth and Space Sciences 
The Sun is a major source of energy at 
Earths surface. 
Solar insolation drives atmospheric and 
ocean circulation. 
Physical Sciences 
Energy is transferred in many ways. 
Heat moves from warmer to colder objects. 
The Sun is a major source of energy for 
changes оп Earth's surface. 
Energy is conserved. 


Life Sciences 
Sunlight is the major source of energy for 
ecosystems. 


Energy for life derives mainly from the 
Sun. 


Scientific Inquiry Abilities 
Inquiry shills 
Students will learn to use an infrared 
thermometer. 
Identify answerable questions. 
Design and conduct scientific 


Develop descriptions and predictions 
using evidence. 
Recognize and analyze alternative 
explanations. 
Communicate procedures, descriptions, 
and predictions. 
Time 
20 minutes 


Level 
All 


Frequency 
Daily with other atmosphere measurements 


On sunny days with few clouds for compari- 
son with satellite observations. 


When taking soil temperature measurements 
When Land Cover Sample Sites are visited 


Materials and Tools 
Hand-held Infrared Thermometer (IRT) 
Surface Temperature Data Sheet 
Ruler or meter stick 
Watch 
Pen or pencil 


Preparation 

Establish an Atmosphere Study Site OR 
Establish a site where soil temperature is 
measured OR 

Prepare to characterize Land Cover Sample 
Sites 


Prerequisites 
None 


investigations. 
Use appropriate mathematics to analyze 
data. 
GLOBE" 2003 Surface Temperature Protocol - 1 Atmosphere 
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surface Temperature 
Protocol - Introduction 


As you explore your surrounding environment 
you will encounter objects that are at a variety of 
temperatures. For example, during the afternoon, 
areas that are exposed to direct sunlight will tend 
be hotter than areas that are shaded. Within an 
area that is exposed to sunlight you may even 
notice certain objects are warmer or cooler than 
others. During the morning some objects, such 
as rocks, may take longer to warm up than their 
surroundings. Likewise at dusk these objects may 
take longer to cool. 


Heat refers to the amount of thermal energy; it is 
transferred between objects in various ways. The 
rate at which energy is transferred to an object 
depends on its properties including the nature of 
its surface. The color of the object, the ratio of its 
mass to surface area, and the material of which it 
is composed all matter. 


The temperature of your surrounding environ- 
ment is ever changing, and thermal energy is 
constantly being transferred among all the com- 
ponents of the environment. The temperature of 
the atmosphere will affect the temperature of 
Earth's surface, and likewise the temperature of 
the surface will affect the temperature of the 
atmosphere. 


The type of land cover present at Earths surface 
will play a significant role in this relationship. 
What covers Earths surface will help determine 
how much of the suns energy that reaches the 
ground is retained by the surface or reflected back 
into the atmosphere. On a warm sunny day you 
can feel different levels of heat radiated from dif- 
ferent types of land cover. On a warm day, where 
do you stand to keep cool? On a cold day, where 
do you go to keep warm? 


Studying the transfer of heat in the environment 
— the energy cycle — is one key to understanding 
how the Earth system functions and may change 
in the future. The transfer of heat between the 
different components of the environment occurs 
at their boundaries. So, knowing the temperature 
at these boundaries is key. Surface temperature 
measurements provide these boundary tempera- 


tures. Therefore, measurements of surface tem. 
perature help to relate air, soil, and water 
temperatures and contribute critically to the study 
of the energy cycle. Relating land cover types to 
surface temperatures allows you to integrate mul. 
tiple GLOBE investigation areas and truly study 
Earth as a system. 


Your GLOBE measurements of surface tempera- 
tures will help climate studies and the 
understanding of the global energy cycle, both in 
combination with your other measurements and 
through comparisons with satellite data. See the 
Earth As a System chapter for more discussion of 
the energy cycle. 


Surface temperature is an observation that is not 
normally taken by official weather agencies. There 
are three ways in which surface temperature is 
observed by scientists: 1. hand-held infrared ther- 
mometers similar to the one you use, 2. IRT 
instruments mounted on towers, and 3. observa 
tions from satellites. For most studies, individual 
scientists or groups of scientists take their own 
observations using the hand-held IRT instrument 
and tower mounted IRTs, then compare their ob- 
servations with satellite imagery. In a couple of 
situations, organized efforts have been taken to 
observe surface temperature continuously overa 
large area. For example, the state of Oklahoma 
(USA) has installed 70 IRTs on towers in ils 
Mesonetwork of meteorological stations. These 
tower-mounted IRTs continuously take surface 
temperature observations over crop fields and 
rangeland. However, the total number of surface 
temperature observations taken around the world 
is relatively small. This is where GLOBE students 
can really help! By taking surface temperature 
observations, GLOBE schools have the potent 
to significantly add to our knowledge of Earths 
surface temperature. 


What is Surface Temperature? 

peratures the 
d surface IY 
building’ 
ure canbe 


Described scientifically, surface tem 
radiating temperature of the groun 
cluding grass, bare soil, roads, sidewalks, 
and trees to name a few. Surface temperat 1 
observed using the electromagnetic spectrum. © 

ery object emits electromagnetic energy accorde 
to its temperature. Hot objects emit shorter Wa" 
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Figure AT-ST-1: Partitioning of the Sun's Energy as Related to Surface Temperature 
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ength energy, while cooler objects emit longer 
wavelength energy. For example, the visible sur- 
ace of the sun is approximately 5500° C. Its peak 
emission of energy is in the visible wavelengths 
of the spectrum, 0.4 шт to 0.7 pm. Earth’ sur- 
ace is much cooler and emits much longer 
wavelength energy. Most of its energy is emitted 
in the infrared and consequently we call this part 
of the electromagnetic spectrum, centered around 
10 um, the thermal infrared. The Infrared Ther- 
mometers (IRTs) used in this protocol measure 
the emitted electromagnetic energy from Earth's 
surface. The instrument converts this measure- 
ment into a temperature reading that is shown on 
the IRT’s display area. 


The Energy Cycle 


The energy cycle describes the way in which the 
energy from the sun is partitioned into evapotrans- 
Piration and heating of Earth's surface. 
Scientifically, the energy cycle begins with incom- 
ing solar radiation. What happens to this radiation 
is affected by cloud cover, cloud type and by the 
albedo (reflectance) of Earths surface. 


At Earths surface, some of the solar energy evapo- 
Tates water and some warms the surface. Heat from 
the surface flows into the ground and into the air 
if they are colder than the surface. The heat of 
vaporization of the water is released when and 
where the water condenses, often as clouds form. 
This is the main source of energy for storms. 


At the heart of the energy cycle is surface tem- 
perature. All aspects of the energy budget 
contribute to or are affected by surface tempera- 
ture. 


The time of day affects the surface temperature. 
The surface temperature increases in the morn- 
ing and peaks an hour or two after local solar 
noon. Incoming solar radiation is also greatest 
during the summer and least during the winter. 


The amount of vegetation and moisture available 
at the surface affects the surface temperature also. 
When moisture is not available at the surface, such 
as in a desert or on a paved surface, there is no 
evaporation to cool the surface, and the tempera- 
ture of the surface increases more during daylight. 


The surface temperature affects the amount of 
long-wave (thermal) radiation going to space. The 
warmer the surface, the more energy it radiates. 


In order to better understand heat in the environ- 
ment, scientists take temperature measurements 
of many different environmental components at 
avariety of locations. These measurements include 
air temperature, surface land temperatures, sur- 
face water temperatures, and soil temperatures at 
various depths. You, as students, can do this as 
well by observing the surface temperature of dif- 
ferent cover types at several locations, while also 
collecting air temperature, water temperature, and 
soil temperature. Scientists also measure the tem- 
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perature of the atmosphere at various heights and 
the temperature of the ocean at different depths 
using satellite sensors, balloons, rockets, and 
buoys. Measurements at multiple heights in the 
air and depths in the waters are called soundings. 


For more information about the energy budget 
and evapotranspiration please see the Earth as 
System Chapter. 


Teacher Support 


Infrared Thermometer 


An infrared thermometer (IRT) measures tempera- 
ture by sensing the infrared radiation (light) 
coming from a surface. This instrument is sensi- 
tive to infrared radiation at wavelengths in the 
8-14 um range. It is not critical for students to 
understand how it works any more than they need 
to understand concepts about thermal expansion 
to use a conventional thermometer. With the IRT, 
measurements can be taken of the temperatures 
of a wide variety of surfaces including Earth's sur- 
face at GLOBE measurement sites. 


The instrument featured in this protocol is the 
ST20 Infrared Thermometer (IRT) by Raytek. This 
model is known to meet GLOBE Instrument 
Specifications (as found in the Toolkit). However 


Figure AT-ST-2: Hand-held Infrared Thermometer (IRT) 
— 


Digital Display 
Screen 


x 


Release Button 
(to access battery 
compartment) 
Recording 
Button | 


any model instrument that meets the specifics 
tions can be used to take this measurement. Yol 
may need to adapt some of the instrument-spe- 
cific details given in this protocol to suite your 
specific model instrument (be sure to consult di. 
rections provided by the manufacturer when 
doing so). However the primary steps for taking 
Surface Temperature measurements, as outlined 
in the Field Guide, will remain the same regard- 
less of the instrument used. 


Understanding Measurements of 
Surface Temperature 


Using other GLOBE protocols, your students can 
measure the temperature of the air and the soilat 
several depths. With the IRT instrument these 
measurements can be complemented by measure- 
ments of the temperature at the surface rather than 
in the air or in the soil. This temperature at the 
surface is at the actual boundary between the at- 
mosphere and the ground, and the resulting data 
are useful for understanding the transfer of heat 
to and from the ground. These data are also use- 
ful for comparison with satellite data, because 
some satellite instruments observe the ground and 
record surface temperature measurements in a Way 
that is almost identical to how an IRT instrument 
measures surface temperature. 


Instrument Maintenance 


Be sure to follow all manufacturers instructions 
for proper maintenance of your Infrared Ther 
mometer (IRT). This includes proper cleaning of 
the lens as accumulated particles can reduce the 
thermometers accuracy by interfering with 1 
optics. Take care not to damage the lens while 
cleaning it and DO NOT use solvents. 


The digital readout of the IRT will display а bat- 
tery icon when the battery becomes low. When 
you see this icon, it is time to check the battery 
and replace it if necessary. The battery İS 


battery located in the handle of the instrument 
lease but 


recording 


button and opening the handle. 
manufacturer’ directions for more det 
structions. 
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Make sure that your instrument is displaying tem- 
perature readings in degrees Celsius. If it is setup 
correctly, the temperature reading on the digital 
display screen will be followed by a *C' symbol. 
If instead of this "C ' symbol you see a ^F then 
your thermometer is displaying temperature in 
degrees Fahrenheit and needs to be switched to 
display in Celsius. The instrument has a switch 
that allows you to change between Celsius and 
Fahrenheit readings. This switch is located above 
the battery and is accessed in the same manner as 
stated above. Again, consult manufacturers direc- 
tions for further detail. Because this switch is in 
the battery compartment, you do not have to 
worry that students will accidentally change this 
setting. 


The calibration of your Infrared Thermometer 
(IRT) instrument should be checked once every 
year. To perform a check, prepare an ice water 
solution in a large beaker or bowl. Point the IRT 
instrument directly at the water with the end of 
the instrument approximately 5 cm away from 
the water; then press the recording button. If the 
instrument is reading correctly, the ice water mea- 
surement will read 0° C. If the reading of your 
instrument is not within —2 to 2° C , then the 
instrument is out of calibration. 


If your instrument is not reading properly, check 
to see if the battery is low. If that is not the prob- 
lem, check to see if the lens is dirty, and clean it if 
itis. If you are still not able to get the instrument 
to read properly, contact the manufacturer. 


Site Selection 


Surface temperature data are valuable for com- 
parison with satellite observations and for use in 
combination with air and soil temperature measure- 
ments. The sites to use are Land Cover Sample Sites, 
Atmosphere Study Sites, and Soil Moisture Study Sites. 


Picking and Describing a Good Surface 
Temperature Measurement Site for 
Comparisons With Satellite Data 

A large, open, homogeneous site is required to 
compare your surface temperature observations 
with satellite data (for example, the Moderate 
Resolution Imaging Spectroradiometer (MODIS) 


on NASA s EOS TERRA and AQUA satellites with 
1 km spatial resolution and the Enhanced The- 
matic Mapper (ETM+) sensor on Landsat 7 with a 
thermal instrument of 60 meter spatial resolution). 


A Land Cover Sample Site where the plants are less 
than a meter tall is an ideal site to take surface 
temperature. Land cover sites are required to be 
homogeneous over an area that is at least 90 
meters x 90 meters. When your site meets these 
requirements, perform the Land Cover Sample Site 
Protocol. 


Sites that are open and homogeneous only over 
an area of 30 x 30 meters are also quite useful for 
surface temperature measurements, but they are 
not suitable for the Land Cover Sample Site Proto- 
col. The site needs to be away from trees and 
buildings that create shadows on the land area, 
because the shadows will reduce the amount of 
sunlight absorbed by the ground and may cause 
significant variations in the surface temperature. 
The site can be a grassy area (like a football field), 
a parking lot (concrete or asphalt), bare soil, or 
an area containing shrubs. 


If you choose a concrete or asphalt parking lot, 
there cannot be cars in the lot. If there are cars in 
the lot, then you have the same problem with 
shadows as you would with trees and buildings. 
Ifa section of your parking lot is the largest open, 
homogeneous area available, then designate that 
section as your Site and use the same section of 
the parking lot each time you collect surface tem- 
perature data. 


If your site is greater than a 30 x 30 meters open, 
homogeneous area, then this is wonderful. If your 
site is less than a 30 x 30 meters open, homoge- 
neous area, then choose the largest open, 
homogeneous area available and designate it as 
your Site. 


Many Atmosphere and Soil Moisture Study Sites 
will be useful for comparison with satellite data 
as they will be in open areas without buildings or 
other sources of shade. 


Mark your sites boundaries appropriately (per- 
haps use GLOBE marker flags) if you can, so that 
students can reliably return to the exact location 
each time they collect surface temperature data. 
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If the site that you choose has already been de- 
fined as a Land Cover Sample Site, Atmosphere Study 
Site, or Soil Moisture Study Site, then you are ready 
to begin collecting and reporting surface tempera- 
ture measurements. If your site has not been 
defined and is over 90 m x 90 m with homoge- 
neous land cover, define your site as a Land Cover 
Sample Site following the Land Cover Sample Site 
Protocol. If your site has not been defined and does 
not meet these requirements, then define it as ei- 
ther an Atmosphere Study Site, or Soil Moisture Study 
Site depending on which will be most appropri- 
ate given the other measurements that you plan 
to take at the site. 


When you define a new site for surface tempera- 
ture, describe any unique permanent features of 
your site that would be likely to have an effect on 
Surface Temperature measurements in the Com- 
ments (metadata) field for the site definition. For 
example,” site is an asphalt parking lot that has yel- 
low painted lines to mark the spaces and our school 
building as the boundary on the north side of the site. 
Additional information about any temporary 
changes to the state of your site that relate to sur- 
face temperature readings can be recorded in the 
Comments field of your Surface Temperature Data 
Sheet when you take your measurements. For ex- 
ample, site is covered with leaf litter today. 


When you report surface temperature data for the 
first time at a new site you will be asked to report 
some Definition Data regarding the size and ground 
cover type found at the site, as well as the model 
IRT you will be using at the site. Record this in- 
formation at the top of your Surface Temperature 
Data Sheet the first time that you take measure- 
ments at the site. 


You are encouraged to monitor surface tempera- 
ture in sites representing as many different land 
cover types as you can. The more sites that you 
monitor and for which you report data, the better 
the information will be for research. It is very ex- 
citing to monitor at least 2 sites with different 
surface covers, so that you can observe and ex- 
plore the changes in surface temperatures that 
occur due to the differences between these sites. 


Helpful Hints 

Some IRT units are equipped with a laser and bag, 
light. You can choose whether or not to activate these I 
you choose to put them on, a red laser beam Will shin 
from the front of the thermometer along the арро 
mate line of sight of the instrument when the recording 
button is pressed. This will cause a red dot to аруу 
where the surface temperature is being measured 
backlight for the digital display will remain lit fy 
seven seconds after the recording button is pressi 
and released. 


Using the laser can help you more accurately locate 
the point where you are measuring the surface ten. 
perature. However, it will also reduce battery life and 
could possibly be a distraction to students. It is im- 
perative that the laser beam NOT be aimed directly 
at eyes or off surfaces where it could reflect inp 
anyone's eyes. The laser and backlight option is con 
trolled by a switch located above the battery in the 
battery compartment. 


Questions for Further Investigation 

How does surface temperature vary depending o 
whether the surface is in the sun or the shade? Dos 
it matter whether the shade is from a tree, a shrub, 
or a cloud? 


How does surface temperature compare with curent 
air temperature? How does surface temperature com- 
pare with soil temperature at 5 cm and 10 cm? 


How does surface temperature vary with surface 0% 
(e.g., bare soil, short grass, tall grass, concrete, ® 
phalt, sand, forest litter)? 


How does surface temperature vary with surface sol 
color? 
de of the a 


How does the temperature of the outsi 
he current 


mosphere shelter compare with t 
temperature measured inside the shelter? 

erside 0121 
the forest: 
different 
cloud! 


How does the temperature of the und 
est canopy compare with air temperature п 


How does surface temperature change for 
cover types (grass vs. asphalt for instance) on? 
day? 

у e ten 
How does the time of year affect the surfac 
perature? 


iffe 
How does the surface temperature change for di 


2. 
Cover types when it is wet versus when it 15 dry 
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surface Temperature Protocol 


Field Guide 


Task 


Measure surface temperature. 


What You Need 
О Surface Temperature Data Sheet О Pencil or pen 


О Hand-held Infrared Thermometer 
(IRT) Û Accurate Watch 


Û Ruler or Meter Stick, 
(if snow cover is present) 


In The Field 

. Complete the top of your Surface Temperature Data Sheet (fill out the Supplemental Site Definition 
Data section if you are taking Surface Temperature Measurements at a particular site for the first 
time, or if one of the values in that section has changed) 


= 


b 


Take cloud observations following GLOBE Cloud Protocols. 


E: 


If there is no snow on the ground anywhere in your Site, then check either “Wet” or “Dry” for the 
Sites Overall Surface Condition field on your Surface Temperature Data Sheet. 


EN 


‚ Pick nine Observation Spots that are in open areas within your site and are at least five meters 
apart. The Spots should also be away from trees and buildings that create a shadow on the land 
and in locations that have not been recently disturbed by people or animal traffic. (Note It is best 
if you can take readings at the nine individual Observation Spots within seconds of each other.) 


\л 


‚ Go to one of the nine Observation Spots and stand so that you do not cast a shadow on the Spot. 


o 


Record the Current Time in Universal Time (UT) on your Surface Temperature Data Sheet. 


x 


‚ Hold the infrared thermometer (IRT) with your arm extended straight out and point the 
instrument straight down at the ground. 


. Hold the IRT as still as possible. Press and release the recording button. [You MUST release the 
recording button in order for the instrument to register and hold your spots temperature.] 


. Read and record the temperature (in Celsius) from the digital display panel on the back of the IRT. 


со 


© 


10. Measure and record the snow depth at the 
Observation Spot. 


11. Repeat steps 5-10 at each of the remaining 


eight Observation Spots. Surface Temperature 
12 4 А reading from digital 
. Record any other information that explains display of infrared 


the environmental conditions of the day or thermometer (IRT) 
site in the Comments field. 


L 
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Frequently Asked Questions 


1. What should I do if the surface temperature 
reading I want to record disappears from the 
digital display screen before I am able to 
accurately read and record it? 

The surface temperature reading will be displayed 
for seven seconds after you release the recording 
button of the IRT. If you are not able to read the 
temperature in this time, or are unsure of your 
reading, then retake the measurement at that 
Observation Spot according to the directions given 
in the Field Guide. 


2. How should a dusting of snow be 
documented on the Surface Temperature Data 
Sheet? 

If there is snow of less than ten millimeters in 
depth on the ground then record the letter “T” in 
the snow depth section of your Data Sheet to in- 
dicate a dusting of snow. If there is snow of ten 
millimeters or more in depth then measure the 
depth of the snow pack in millimeters using your 
ruler or meter stick. 


3. The Surface Temperature Field Guide asks 
for measurements of cloud cover and snow 
depth, for which there are also separate 
GLOBE measurements. Would it be helpful 
to take these or any other GLOBE 
measurements along with Surface 
Temperature? 

Yes! Taking multiple types of measurements at the 
same site at the same time allows for greater in- 
sight into the state of the environment than a single 
measurement possibly could. Taking additional 
types of measurements to accompany your sur- 
face temperature readings allows you to study 
what factors may be affecting each individual read- 
ing. Surface temperature ties strongly to cloud 
cover, air temperature, soil moisture, soil charac- 
terization, and land cover type. 


4. Is recording NO snow -or- NO clouds 
important? 

Yes, reporting that there is no snow and/or no 
clouds is important! If there is no snow, please record 
a zero in all appropriate SNOW DEPTH fields. If 
there are no clouds in the sky, please check NO 
CLOUDS in the Cloud Type table on your Surface 
Temperature Data Sheet. The fact that there is no snow 
or no clouds present will directly impact your read- 


ings of surface temperature, so report- 
ing this will help to explain your readings. 


Ifyou leave a blank in these fields, it will 
be confusing, because users will never know if 
you forgot to take the data or if the measurement 
is zero. Also, your data for that day can not be 
used in research. 


5. Can the Infrared Thermometer (IRT) 
Instrument be used for other types of 
temperature monitoring? 

Yes. Some of its other uses are by meat packers to 
ensure that their refrigerators and freezers are kept 
at a specific temperature. Also, mechanics use this 
instrument to measure the temperature of a cars 
oil. And a teacher has shared with us that a jani- 
tor came into her classroom to check the 
temperature at different places around the room 
that helped to determine when the classrooms 
heating system was fixed. 


6. The Field Guide says we should take 
readings at nine separate observation spots 
each time we go to the field to take surface 
temperature measurements. Can we take 
fewer than nine readings? 

Yes, you may take fewer than nine readings, es- 
pecially if your study site is less than 30x 30 
meters. However, it is required that you take at 
least three readings to report data to GLOBE. We 
strongly encourage you to take all nine readings 
whenever possible. The nine points are needed 
by GLOBE scientists to create meaningful aver 
ages of your study site. 


7. Can Luse the IRT instrument to study the 
surface temperature of water? 
Yes, the IRT instrument can be 
temperature of the surface of a water body How- 
ever, since it is not possible to follow the step 
outlined in the Surface Temperature Field Guile 
over open water these values cannot be reporte 
to GLOBE. However, they can be quite useful in 
studying the relationship between air and wale! 
temperatures, and can be included as meu 
accompanying water temperature readings 5% 

mitted to GLOBE. 


used to read tlt 
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Surface Temperature 
Protocol ~ Looking At 
Your Data 

Are the data reasonable? 


There are many factors that influence the surface 
temperature reading including the land cover 
type, soil moisture content, cloudiness, and tem- 
peratures prior to your observation in addition 
to your location, time of day and day of year. 
Therefore, it will be more difficult to determine if 
your surface temperature data are reasonable. 


Asyou become more familiar with your surface tem- 
perature readings at your site throughout the year, 
you will become familiar with what the tempera- 
ture of different cover types may be. You will become 
trained as an observer and will be able to notice if 
there is an anomaly that occurs (a measurement that 
seems odd, compared to your other data) which 
will spark you to question that reading or area. 


Sometimes the observations that you get may seem 
incorrect, but in fact, the observations may be 
telling you something interesting about how sur- 
faces heat up and cool down. If asked, most 
people would say that an asphalt parking lot 
would be much warmer than a grass site. One 
GLOBE school in Michigan (USA) found the ex- 
act opposite temperatures on a sunny afternoon 
in early March. The grass was warmer than the 
asphalt site. In the case of these observations, the 
weather had been very cold all winter long. On 
the sunny day in question, the sun was able to 
warm up the grass while the asphalt parking lot 
retained the cold temperatures from winter for 
much longer. From summer through early fall on 
a sunny afternoon, an asphalt parking lot will be 
hotter than a grass site. However, during the win- 
ter through early spring on a sunny afternoon, 
the grass will heat up in the sun and be warmer 
than the parking lot. 


Other times there may not be a scientific expla- 
nation for an errant surface temperature 
observation. For instance, you know that the 
ground is frozen because you can see ice; how- 
rich your IRT instrument records the ground as 
40° C. This may lead you to ask if your IRT in- 
Strument is measuring accurately, if you made a 


mistake in data collection, or if something has 
changed within your Land Cover Site. Scientists 
do this exact questioning of their observations, as 
well. If you think the IRT instrument may be mis- 
reading the temperature, refer to the Instrument 
Maintenance section above. The IRT may need a 
new battery, the lens may be dirty, or the instru- 
ment may be out of calibration. 


So, get ready for some interesting and exciting 
learning about our planets temperatures! 


What do scientists look for in these 
data? 


GLOBE scientists will be using student surface 
temperature observations in two ways. We will 
be using the surface temperatures recorded by 
GLOBE students to validate satellite algorithms 
that are used to record Earth surface tempera- 
ture. Satellite images give a synoptic view of the 
landscape that ground observations cannot. As 
stated above in the Surface Temperature Protocol 
Introduction section, Earth's surface emits electro- 
magnetic energy according to its temperature. 
However, satellites observe Earth emitted energy 
after it travels through the atmosphere. Green- 
house gases in the atmosphere, such as carbon 
dioxide and water vapor, absorb some of the en- 
ergy emitted by Earths surface and these gases 
emit energy at their own temperature which makes 
the satellite observation of Earth's surface tempera- 
ture misleading. This atmospheric effect makes it 
difficult for scientists to use the surface tempera- 
ture that is recorded by satellites. GLOBE students’ 
surface temperature observations will allow us to 
determine if the satellite algorithms (equations) 
for surface temperature accurately account for the 
atmospheres interference. 


The second way that we will use the students’ 
surface temperature data is to compare observa- 
tions between different cover types to monitor the 
effect of land cover on the temperature of Earth. 
These observations will give us an understanding 
of the causes and extent of the urban heat island 
effect. We will compare grass sites’ surface tem- 
peratures at urban vs. rural schools. The same 
comparison will be made with all the different 
land cover types between urban and rural loca- 
tions. 
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The Urban Heat Island Effect 

The urban heat island effect is a phenomenon 
where the change in the land from natural veg- 
etation to parking lots and buildings can cause 
the temperature of the area to increase (Figure 
AT-ST-3). The central part of a city can be 5-10" С 
warmer than the surrounding countryside. Tran- 
spiration from vegetation including trees and grass 
cools the air. The energy from the sun that shines 
on the surface is used to evaporate water and is 
not available to heat up the ground. In contrast, 
parking lots, roads and buildings dry out under 
sunshine, and all of the incoming energy from the 
sun heats the surface warming it up more than it 
would otherwise. You may notice these tempera- 
ture differences when you are taking your 
observations. (Note: The time of day and time of 
year may influence whether pavement is warmer 
than grass.) 


Look at the image of surface temperature for To- 
ledo, Ohio, USA, shown in Figure AT-ST-4. This 
image is from the Landsat 7 satellite taken on July 
1, 2000 at approximately 11:00 am Local Time. 
Red areas are hot, and blue and purple areas are 
cooler. The hottest locations are sites with much 
pavement (concrete and asphalt), such as malls 
and the downtown area of Toledo. The cooler ar- 
eas are the parks, that have many trees and the 
water in the Maumee River and Lake Erie. 


An Example of a Student Research 
Investigation 

Designing an Investigation 

This is a simple investigation that can be per- 
formed using an IRT. Mike Hedleys Research 
Methods class from Central Catholic High School 
in Toledo, Ohio, USA, investigated the properties 
of different land cover types that affect surface tem. 
perature. Within the boundaries of each site, they 
collected surface temperature readings at 4 dif. 
ferent Observation Spots. 


It was a sunny afternoon and the class decided to 
observe grass, asphalt, cement, and bare soil, Be- 
fore going outside Mr. Hedley asked his students 
to predict which areas would be warmest and 
coolest. 


Student 1 = I know that my blacktop driveway 
gets really hot on a summer day. 1 think it5 be- 
cause it is black. So, asphalt will be warmest. 


Teacher — Black surfaces absorb more sunlight 
than lighter surfaces, such as cement. We will see 
if you are right. What else is going on? 


Student 2 – Don't plants give off water? In Biol- 
ogy class, we learned that plants give off water 
through photosynthesis. Because of this I think 
the grass will be coolest. 


Figure AT-ST-3: Example Relationship between Land Cover and Temperature. Miller (1999) 
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Figure AT- 


ST-4: Surface Temperature for Toledo, Ohio, USA 


Downtown 
Toledo 


4 Maumee 
River 


Teacher — Yes, plants are drawing water from the 
ground and transpiring it into the air. Evapora- 
tion cools and in transpiration liquid water in the 
plant becomes water vapor in the air. 


Student 3 — Asphalt, concrete, and bare soil are 
all massive and dense. 1 think it will take more 
heat to warm them up, but the grass is not so 


dense, so it will warm up more quickly and be 
the hottest. 


Te E X А 
тше Lets go measure and test your predic- 
ions, 


Table AT-ST-5 presents the results. 


I CTE. 
ps ai ST-5: Surface Temperature Readings ( C) at 
With Different Types of Land Cover 


Land Cover Observation Spots 
1 2 3 4 
Grass 275 300 285 290 


Asphalt 325 385 S95. 340 
Cement 320! 330° ЗО" 335 
Bare Soil 300 31.0 33.0 31.5 


= 


These data show that the asphalt had the highest 
temperature while the grass had the lowest. So the 
predictions of Students 1 and 2 proved correct. 
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surface Ozone Protocol 


Purpose 
To measure ozone concentrations at ground 


level 


Overview 

Students deploy a strip of paper that changes 

color in the presence of ozone. They use an 
ozone reader to determine the amount of 
ozone in ppb as indicated by the color change 

| of the paper strip. 


Student Outcomes 

Students will learn to measure the 
concentrations of ground-level ozone in the 
atmosphere and to observe changes in the 
concentrations over time. 


Science Concepts 


Earth and Space Science 
Weather can be described by quantitative 
measurements. 
Weather changes from day to day and over 
the seasons. 
Weather varies on local, regional, and 
global spatial scales. 
The atmosphere is made up of different 
gases and aerosols. 
Materials from human societies affect the 
chemical cycles of the Earth. 
Geography 
Human activities can modify the physical 
environment. 
Atmospheric Enrichment 
The concentration of surface ozone varies 
Over time. 
Cloud cover, air temperature, and wind 
direction affect ozone concentration. 
Air quality is affected by the concentration 
of ozone present. 
3 | Sdentific Inquiry Abilities 
| Use ozone Strips and a strip reader to 
| measure in situ ozone concentrations. 


MUST 


Use a weather vane to identify wind 
direction. 

Identify answerable questions. 

Design and conduct scientific investigations. 

Use appropriate mathematics to analyze data. 

Develop descriptions and explanations using 
evidence. 


Recognize and analyze alternative 
explanations. 
Communicate procedures and explanations. 
Time 
Two five-minute time periods, one hour apart 


Level 
All 


Frequency 

Daily 

Measurements starting within one hour of local 
solar noon are preferred. 


Materials and Tools 


Ozone Data Sheet 

Clipboard 

Pencil or pen 

Chemical test strip in sealable plastic bag 
Ozone Test Strip Scanner 

Ozone Measurement Station 

Device to measure wind direction 

Clock or watch 


Preparation 
Assemble and install Ozone Monitoring Station. 


Assemble or obtain and install Wind Direction 
Instrument. 


Prerequisites 

Cloud Protocols 

Maximum, Minimum and Current Temperature 
Protocol 
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Ozone Protocol = 
Introduction 


Ozone is one of many gases in the air present in 
small amounts. These gases are called trace gases, 
and they play a role in the complex chemistry that 
determines the quality of the air we breathe. The 
amounts (concentrations) of these trace gases vary 
with time of day, from day to day, and from place 
to place. These variations are due to variations in 
the amounts of other gases from which trace gases 
are formed, and conditions such as air tempera- 
ture. Monitoring the concentrations of trace gases 
is important for our understanding of air quality 
and how it is changing. 


The oxygen molecule, consisting of two atoms of 
oxygen (O,) (See Figure AT-SO-1) comprises 21% 
of Earth’s atmosphere. Ozone, a molecule contain- 
ing three oxygen atoms (O,) (See Figure AT-SO-2) 
is present in much smaller amounts. Surface ozone 
can be produced when certain chemicals are re- 
leased to the atmosphere and these chemicals react 
with each other in the presence of sunlight. Ozone 
is an important trace gas because it is very reac- 
tive, which means that it will easily ‘stick’ to, and 
react with all surfaces, including living tissue. 


Figure AT-SO-1: Oxygen Molecule 
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Ozone exists in both the stratosphere and tropo- 
sphere; 90% of the ozone is found in the 
stratosphere, leaving a small amount in the tro- 
posphere. The ozone located in the stratosphere 
is often called ‘good ozone’ because it absorbs 
much of the suns ultraviolet rays and protects the 
life forms on Earth. In contrast, the additional 
ozone that occurs in the troposphere is ‘bad ozone’ 
and is considered a pollutant. It is the main com. 
ponent of smog. Sometimes the term 
‘photochemical smog’ is used, which is the cor- 
rect term for pollution found near most urban 
areas. This type of smog is a product of chemical 
reactions in the atmosphere that take place only 
in the presence of sunlight 


Ozone is often one of the more abundant trace 
gases in the atmosphere and GLOBE students can 
measure it using simple chemical test strips. Col- 
lecting surface ozone data will provide a record 
of the amount of ground level ozone found in dif- 
ferent geographic regions at different times. These 
data will help scientists understand how weather 
conditions influence the amount of ozone in the 
air. The GLOBE database will contribute valuable 
information for understanding how Earth’ atmo- 
sphere may be changing. 


Figure AT-SO-2: Ozone Molecule 


‘Atmosphere 


Teacher Support 


The Measurement 

The GLOBE surface ozone measurement is taken 
using a chemically sensitive strip that changes 
color in the presence of ozone. The more ozone 
present, the more change that will occur. The 
chemical strip is placed in the clip of the moni- 
toring station preferably within one hour of local 
solar noon and left exposed to the air for one hour. 
It is then read using a scanner, which reads the 
strip more accurately and precisely than the eye, 
enhancing the scientific value of these data. 


The amount of color change will increase if the 
strip is exposed to ozone for a longer period of 
time, Therefore, to ensure that GLOBE data are 
comparable around the world, the protocol speci- 
fies that the strip be exposed for only one hour 
and that the time it is exposed and the time it is 
read are reported to GLOBE to the nearest minute. 


Placing the Chemical Strip 


The chemical strip is exposed to outside air that 
is moving freely around the monitoring station. 
Itis important to keep the strip in a closed plastic 
bag or pouch until it is placed in the monitoring 
Station because once the strip is exposed it be- 
Bins to react with any ozone that is present. When 
placing the strip, avoid touching the chemical on 
the Strip to prevent contamination; however there 
is no danger should someone touch the strip. 


Reading the Chemical Response 


Reading of the chemically sensitive strip must be 
completed in the field. The team collecting the 


information records the level of response on the 
Ozone Data Sheet. 


Determining the Level of Surface Ozone 


en Scanner provides a more sensitive 
a ck e m of the ozone test strip than 
M deir | with the naked eye. The scanner 
Pe 0 give a reading of ozone concentra- 
uat тади parts per billion. The 
Nr vm nce etween the color of the strip and 
ipe u шш, of ozone in the air dur- 
a TS m e strip was exposed assumes that 
was for just one hour. 


Place the chemical strip into the thin slot on top of 
the scanner. Hold the edge of the chemical strip 
on the end with the words *Test Card". The chemi- 
cal side of the strip should face the display. Gently 
slide the strip into the slot on top of the scanner 
until the bottom of the strip touches the base of 
the scanner and wont slide in any further. This 
places the circle with the chemical in the center of 
the end of the scanner. It will take a few seconds 
for the scanner to read the color change of the strip, 
and identify the ozone concentration in parts per 
billion. 


Measurement Logistics 


The need to expose the ozone strip for one hour 
may pose a logistical challenge. One approach to 
solve this is to expose the ozone strip at the same 
time that the daily atmosphere measurements of 
maximum, minimum, and current temperature, 
precipitation, relative humidity, and clouds are 
made within one hour of local solar noon. These 
measurements will then provide one set of the 
cloud and current temperature measurements re- 
quired to support the ozone measurement. 
Students would also read wind direction at this 
time. 


Just a few minutes before an hour has passed stu- 
dents need to go to the site to measure the 
concentration of ozone detected by the strip. At 
the same time, they will need to open the instru- 
ment shelter and read the current temperature, do 
the Cloud Cover and Cloud Type Protocols, and again 
observe the wind direction. Unusual weather con- 
ditions that may have affected the response of the 
strip are reported as comments or metadata. The 
students who read the ozone strip do not have to 
be the same students who exposed the strip. This 
gives you some flexibility to work within the con- 
straints of the school day and student schedules. 


The key to this two time measurement is to estab- 
lish a clear schedule so that everyone involved 
knows what they are expected to do and when to 
do it. Design a system so students know when the 
hour is nearly finished, and return to the site to 
read and record the data. 


Ozone concentrations often vary over the day. To 
build a consistent set of ozone readings that can be 
compared across many schools, the primary data 
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set desired is of measurements for a one hour pe- 
riod that begins within one hour of local solar 
noon. This should require the least effort as noted 
above. If this timing will not work at your school 
or if you wish to take more than one ozone mea- 
surement a day, you may do this protocol at other 
times. These data may not be displayed on GLOBE 
visualizations of mid-day ozone values, but they 
will be included in the tables of data associated 
with your school and will be made available in 
graphs. The key is that the ozone strip is exposed 
for one hour and that clouds, current tempera- 
ture, and wind direction are reported for both the 
beginning and end of this time period. 


Scanner Use and Care 


An ozone measuring hand-held scanner is used 
to measure the level of ozone present in the at- 
mosphere. It is important to read the handheld 
scanner in a shaded area with the scanner placed 
ona level stable surface. Sunlight and motion can 
affect the scanner reading. 


Placing the scanner inside the instrument shelter 
provides the level shaded surface needed to take 
the ozone measurement. The instrument should 
be inside the GLOBE Instrument Shelter for 5 min- 
utes to allow it time to adjust to the outside 
conditions. During these 5 minutes, students 
should be recording cloud cover, temperature, and 
wind direction data. After recording these data, 
the students will return to the instrument shelter, 
turn on the scanner, and wait 1 minute to allow 
the internal electronics to stabilize. The scanner 
will automatically turn off. Turn it back on im- 
mediately to calibrate the unexposed ozone test 
Strip. These same steps should be repeated when 
the students return to the site to read the exposed 
ozone test strip. The scanner must be brought 
back into the classroom after calibrating the un- 


exposed strip as well as after reading the exposed 
Strip. 


The ozone measuring hand-held scanner is a rug- 
ged instrument, but care must be tak 


en to ensure 
accurate measurements. 


jt Keep the scanner at Toom temperature and 
In Its protective case to Protect it from dirt 
and dust when it is not in use. 


2. Go to RESET and reset the scanner each 
day to MODE 01 

3. When the scanner is turned on to calibrate 
the unexposed strip or read the exposed 
strip, be careful not to accidentally touch 
or bump the two buttons on the edge of 
the scanner. If the buttons are touched 
without a strip in the scanner, the scanner 
will respond by trying to save a reading 
without a strip and you will not have an 
accurate ppb reading. The scanner will 
need to be recalibrated with an unexposed 
strip to reset the white paper reading. 

4. The test strip scanner is sensitive to 
temperature changes. If the outside 
temperature is not within 5° C of the 
classroom temperature, the scanner 
should remain inside and the exposed 
strip should be brought back into the 
classroom to be read. The time it takes to 
bring the ozone strip from the monitoring 
station to the classroom will not 
significantly impact the ozone 
concentrations. 

5. Turn the scanner off when it is not in use. 

6. Do not drop the scanner. 

T. Protect the scanners electronics from 
water. 

8. Change the three AAA batteries when the 
scanner indicates they have low power. 


Supporting Measurements 


Since the chemistry of trace gases in the atmo- 
sphere depends on the amount of sunlight present, 
students are asked to record the cloud cover and 
type when they expose the strip and when they 
read it. Many chemical reactions also depend on 
temperature and so students are asked to mea 
Sure Current temperature when the strip is exposed 
and read. Lastly, the amounts of trace gases present 
may vary considerably depending on what is up- 
wind from your measurement site. Students al? 
measure the wind direction at the beginning an 
end of the exposure period. 


These supporting data can be compared ой 
collected from other schools in different location 
As students learn about the air they breathe, m 
should explore how weather conditions can # 
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ect the amount of ozone in the air around them. 
Comparing the data they gather with students 
тот other regions of the world is an appropriate 
topic for student inquiry. 


Note: If wind measurements are not available, data 
rom the closest surface weather site (available on 
the Web) would be important to have in the analy- 
sis of the data (as well as for the analysis of other 
atmosphere protocol measurements). If data are 
aken from the Web, this fact should be noted in 
the metadata 


Student Preparation. 

Students need to be trained how to measure and 
record the surface ozone level. It will be impor- 
tant to the accuracy of the measurement that 
students are able to: 


= 


Work in cooperative groups of 2-4 
students to gather, analyze, and discuss 
results. 

. Organize all materials needed to set up 
and take the measurement of surface 
ozone. 

‚ Follow a schedule to return to the ozone 
monitoring site 5-10 minutes before strip 
is to be read to take supporting 
measurements. 

. Identify and record the starting time when 

they expose the chemical strip, and 

TN read the strip at the end of one 
our. 


кә 


w 
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Carry the chemically sensitive strip to the 
monitoring site in a plastic bag to control 
exposure time. 

Read and follow the Ozone Field Guide 


Instructions for placing and reading the 
ozone strip. 


E 


сч 


Read the current temperature from the 
maximum/minimum thermometer without 


altering the maximum and minimum 
Settings, 


oo 


Identity and record cloud type and cover 
using the Cloud Protocols. 

Record data accurately and completely for 
reporting to GLOBE and for future 
graphing and analysis. 


se 


10. Record their observations in their 
individual GLOBE Science Logs. 

- Respond in their GLOBE Science Logs to a 
question that reveals the individual nature 
of their learning experience, share their 
responses with their team, discuss, and 
choose to add to their response as a result 
of their discussion without changing their 
original response. 


Helpful Hints 


Have a designated area to keep the clipboard with 
the Data Sheet to facilitate different teams work- 
ing to record data. Keep the Data Sheets in a 
notebook so that they are not misplaced. 


1 


н 


From time to time check the written record in the 
Data Book to ensure that it is complete and accu- 
rate. 


Sometimes a chemical strip gets damaged while 
exposed to ambient air. If the chemical strip gets 
wet, the response will be marbled. Enter M for 
data for this day or time period. This will indicate 
that the measurement was taken, but it was con- 
taminated. 


If there is no response on the chemical strip, en- 
ter 0 to indicate no surface ozone is present. 


Questions for Further Investigation 

Is the amount of ozone you observe related to 
other atmosphere phenomena? Which ones? 
How? 

How can you use your data collected over a pe- 
riod of time to predict future changes in the 
atmosphere? 

What is the variability of ozone in the atmosphere 
daily? Seasonally? Annually? 
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Exposing the Ozone Test Strip 


Field Guide 


Task 


Begin the measurement of surface ozone concentration. 


Record cloud conditions, wind direction, and current atmosphere temperature. 


What You Need 


О One Ozone Test Strip 


О Plastic bag to carry the 
test strip to your site 


О Ozone Test Strip Scanner 
Û Clipboard 

Û Ozone Data Sheet 

Ц Pen or pencil 


Ozone Test Strip Scanner 


О Measuring Wind Direction Field Guide 
О Cloud Cover Field Guide 

О Cloud Type Field Guide 

О GLOBE Cloud Chart 

Q) Wind Direction Instrument 


О Key to your instrument shelter 


О A clock or watch accurate to the nearest minute 


Computer Port 


Slot to insert 
ozone test strip 


Button 2 


On/Off Switch 


Display 
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exposing the Ozone Test Strip: Field Guide - Page 2 


In the Field or Classroom 


1. Fill out the top of the Ozone Data Sheet. 
2. Remove a single ozone test strip from the plastic bag, 
3. Record the date and starting time. 


Calibrating the Scanner 


4. Place the scanner on a steady surface out of direct sunlight. 


5. Turn on the scanner and you should see the following in the LCD readout. 
(The number you see under SAVE may be different.) 


MODE AUTO SAVE 


01 110 


6. Place the unexposed ozone test strip into the scanner with the chemical side facing toward 
the display. 


7. Press button 1 until you see CALIB on the display. 


8. Press button 2 to select WHT PAPER. 
The number under EXIT may fluctuate. This is ok. 


9. Hold down buttons 1 and 2 simultaneously to save the calibration. The scanner will return to 
Mode 01. (The reading under SAVE should read 000 and may fluctuate. If it reads higher than 
003, repeat steps 7 — 9 to recalibrate the instrument.) 


10. Remove the unexposed strip. Turn off the scanner. 


In the Field 


11. Place this ozone test strip in the clip on the monitoring station. Do not touch the chemical 
part of the strip at any time. (It is not harmful to you, but touching it may prevent you from 
Setting an accurate measurement.) Record the time. 


12. Determine cloud cover and cloud type following the Cloud Cover and Cloud Type Protocols. 


ЕЙ 3 ; 
Measure and record the current temperature on the thermometer in your instrument shelter 
(to the nearest 0.5° С). 


4. Record the wind direction. 
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Reading the Ozone Test Strip 


Field Guide 


Task 


Complete the measurement of surface ozone concentration after the ozone test strip has been 


exposed for one hour. 


Record cloud conditions, wind direction, and current atmosphere temperature. 


What You Need 


Q Ozone Test Strip Scanner 
О Clipboard 
Û Ozone Data Sheet 


Û Pen or pencil 
О GLOBE Cloud Chart 


Û Cloud Cover Field Guide 

О Cloud Type Field Guide 

Q Measuring Wind Direction Field Guide 
Û Wind Direction Instrument 

Key to your instrument shelter‏ ك 


Û A clock or watch accurate to the nearest minute 


Computer Port 


Slot to insert 
ozone test strip 


Button 1 


O — Button 2 


On/Off Switch 


Display 
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Reading the Ozone Test Strip: Field Guide - Page 2 


In the Field 


Ten minutes before the ozone strip has been exposed for one hour: 


] Determine cloud cover and cloud type following the Cloud Cover and Cloud Type Protocols. 
2. Read and record the current temperature on the thermometer. 
3. Determine and record the wind direction. 

After the ozone strip has been exposed for one hour: 


4. Remove the test strip from the clip; be careful not to touch the chemical part of the strip. 


Inthe Field or Classroom 
5. Tarn on the scanner. You should see something like the following display: 


MODE AUTO SAVE 


01 110 


6. Slide the strip into the slot on top of the scanner until the bottom of the strip touches the base 
of the scanner and wont slide in any further. The chemical part of the strip should face the 
display and be in the center of the end of the scanner. 


7. Place the scanner on a stable surface out of direct sunlight. The reading should stop 
fluctuating after 5-10 seconds. If it fluctuates between two numbers, choose the lower of the 
two readings after the test paper has been in the scanner for 10-15 seconds. 


8. Record the ppb reading on your Data Sheet. 


9. Record the time you read the ozone strip. 


Note: It is not uncommon for the scanner to display more than one value. Because of the 
nature of the electronics in the scanner and the fact that the color on the exposed strip is 
rarely completely uniform (although it may appear that way to the naked eye), it is most 
common that the concentration shown in the display fluctuates among several values and 
eventually starts to increase the longer the strip remains in the unit. Because the measurement 
accuracy is 10 ppb, fluctuating numbers within a range of 1-5 ppb are acceptable. The goal of 
the surface ozone measurement protocol is to be able to distinguish between values that are 
regarded as low (0-20 ppb), normal (30-50 ppb) and high (>60 ppb). 
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Measuring Wind Direction 


Field Guide 


Task 


Determine wind direction using Wind Direction Instrument. 


What You Need 


Û Wind Direction Instrument О Ozone Data Sheet 
Û Clipboard 


In the Field 


1. Place your wind direction instrument on a table or bench so that it is about 1 meter off the 
ground. 


2. Use the compass to find magnetic north and align the base of your model marked N to match 
true north. 


3. Look at the wind sail to see if there is any wind blowing. 
4. Put your right hand on your hip and your left arm out straight. 


5. Turn your body so that your straight arm is pointing in the same direction as the wind sail. 
Your right elbow is now pointing in the direction of the wind. 


6. Record this direction on your Data Sheet. 


For example, if your wind sail is pointing south, your straight arm should be pointing south. In order 
for the wind sail to be pointing south, where does the wind have to be coming from? North. 


Your straight arm is pointing where the wind is going, and the elbow of your bent arm is pointing in 
the direction where the wind is coming from, north. Winds are identified by the direction from which 
they are coming, 


Wind is coming from 
the northwest 
Wind - 
N 
3 
Wind sail is being 
blown towards 
Southeast. 
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Frequently Asked Questions 

1, What if the ozone strip does not change 
color after one hour? 

If there is no color change, enter 0 on the data 
sheet, because it indicates that there is very little 
orno surface ozone present. 


2. What if the ozone strip got wet due to rain 
or snow and the color is marbled, or the 
surface is not one complete color? 

Your ozone measurement strip is contaminated 
orspoiled which means the data are not accurate. 
Report your data as M to the GLOBE Data Server. 
Note as a comment weather conditions which may 
have affected your results. Still measure the cur- 
rent temperature, cloud cover and cloud type and 
report them. 


3, We are not in school on the weekend, how 
can we collect data? 

Persistence in data collection is important, so work 
with your GLOBE team to arrange for a volunteer 
to bring one or two students to your Atmosphere 
Study Site on weekends and holidays if possible. 
Data from school days alone are still valuable, but 
lor some schools weekends will have systemati- 
cally different ozone levels. 


^. Can the plastic disk and strip be placed on 
the weather station? 
No. They should be on different posts. 


5. Why is it important to take the 

temperature reading after recording the 

ozone level? 

The strip will continue to respond to the gases in 
the ай. So it is important to take the ozone read- 
ng and then the temperature reading. 


б, Why is it important to record the wind 
ion, cloud cover and type, and current 
e before calibrating an unexposed 
P or reading the exposed strip? 
eds time to adjust to the outside 
58 M ba return to the monitoring site 
E elore the hour you have to read the 
ient Tam can place the scanner in the 
brea ter, and record the cloud cover and 
reading ро, апа штен temperature 
йо, the scanner adjusts to the outside 
5. Remember that the strip will continue 


to respond to the gases in the air and it 
is important to read the response of the 
strip one hour after it was placed. 


7. What are some common problems with 
using the test strip scanner and how can I fix 
them? 


Problem 1: I don't know if my scanner is calibrated 
correctly 


To check the calibration of the scanner, first turn 
the scanner on and reset it. Go to CALIB and place 
an unexposed strip in the Scanner. Push the right 
button, button #2, and let the scanner read the 
unexposed strip for 1 minute. Record the lowest 
and highest readings. A large range (> 5 ppb) be- 
tween the lowest and highest readings, or a reading 
of 180 or higher indicates a scanner problem. Con- 
tact the Vender and return the scanner for repairs. 


Problem 2: The reading under *SAVE" is a Range of 
Low Fluctuating Numbers 


The scanner was calibrated without an unexposed 
strip. Push the left button, button &1, until CALIB 
shows on the LCD. Place an unexposed strip in 
the scanner, push the right button, button £2, and 
then hold both buttons down simultaneously to 
reset the calibration for an unexposed strip. The 
scanner should return to SAVE 170. 


Problem 3: The LCD Reads 8HR PPB or AQI When 
the Scanner is Turned On 


If settings have been changed the reading under 
SAVE will also be different. Someone has changed 
the SETTING categories in the scanner. Push the 
left button, button number 1 until SETTINGS ap- 
pear on the LCD. Push the right button, button 
#2, and you will see DRATION = 8HR. Push the 
right button until you see DRATION = 1HR. Push 
the left button and it will show MEASURE = AQI. 
Push the right button until it scrolls to MEASURE 
= PPB and push the left button. Now push both 
buttons simultaneously to save the settings and 
return to the original screen on the LCD. It should 


read: 


AGDE SAVE 


AUTO 


01 IHR РРВ ТЮ 
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Surface Ozone 
Measurement - 
Looking at the Data 


Are the data reasonable? 


Average surface ozone measurements can range 
from nearly 0 ppb to over 150 ppb (and even 200 
ppb in extremely polluted conditions). Research 
has shown that different areas experience differ- 
ent levels of surface ozone depending upon time 
of year, location, and the level of hydrocarbons 
and nitrogen oxides in the air, since they are the 
precursors needed to produce ozone near Earth's 
surface. 


Students taking daily measurements over several 
weeks should observe a range of ozone levels. 
Often, there is a gradual build-up over several 
days, and then concentrations drop over a shorter 
period of time. Students should take particular 
note of the wind direction and temperature over 
this several-week period along with the passage 
of weather fronts. Has the wind shifted? Are there 
days when there isa heavy overcast and the ozone 
levels show unusually low values? On a longer 
time scale, how do surface ozone measurements 
vary with season and from one year to another? 
Gaining experience with the variations in ozone 
concentration at your own site is the best Way to 
judge whether individual measurements are rea- 
sonable. 


Although surface ozone concentrations can be 
quite variable, there are some correlations that 
usually apply. Sunlight drives some. of the chemi- 
cal reactions in the atmosphere which lead to the. 
formation of ozone. Therefore, it is reasonable to 
expect higher surface ozone concentrations in the 
summer than in the winter. In low latitudes, where 
the amount of sunlight is relatively constant (and 
high) throughout the year, highest surface ozone 
values are found most often if there is a seasonal 
source of the precursors needed to generate ozone. 
Thus, in Many tropical areas, surface ozone levels 
will likely increase if there is a preferred time of 
the year when biomass burning takes place. This 
seasonality may be linked to the region’s dry sea- 
son, since it is easier to burn vegetation after it 
has dried out over a period of several weeks. 


On shorter time scales, heavy cloud Cover and 
low surface ozone concentrations are often ob- 
served at the same time. It is unlikely that high 
concentrations would be present if it is raining, 
When there is little or no wind, local concentra- 
tions of the chemicals leading to ozone formation 
can build up. Under these conditions, the ozone 
formed locally is not carried away and is not di- 
luted with air from higher in the troposphere 
where ozone concentrations are generally lower, 
The chemical processes leading to ozone produc- 
tion happen more rapidly under warmer 
conditions. 


What do people look for in these data? 
Monthly data gathered at fixed times 


One method of collecting data is to measure ozone 
every day for a specific period of time, usually for 
at least one month, and hopefully longer. An ex- 
ample of a 1-month data record is presented in 
Table AT-SO-1. 


This is a typical data set that would be gathered 
by students at the same time every day. Plotting 
ozone concentration versus temperature does not 
teveal any strong correlation; for example, both 
the warmest day (11/1) and the coldest day (11/ 
23) have the two highest ozone readings (55 and 
46 ppb). There is, however, a general tendency 
for concentrations to be lower when the tempera- 
tures are colder: From the 10" through the 255. 
temperatures are below 20* C and the ozone con- 
centrations average 15 ppb. When the 
temperatures are >20° C and it is not raining, the 
average concentration is 38 ppb., more than twice 
as high as when it is relatively cool. The other 
Very important factor in this analysis is the wind 
direction. When the wind is from the south or 
southwest, the average concentration is 41 ppb. 
For this particular data set, the wind direction 
appears to be the primary factor signaling higher 
concentrations. The reasons for this finding aL 
be simple, or they may be complex. For pe 
is there a large metropolitan area located neat 7 
and when the air is from the south, аге you pe 
wind of a large pollution source? Such an effect Й 
often observed іп the Los Angeles basin vu 
highest concentrations of ozone are prc 
found in the suburban areas downwind from t 
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Table AT-SO-1 


Heart of Mary School-ppb Ozone and Metadata 


<a El * 
Date | ppb |Ending End Cloud Type Cloud Wind Notes 
Temp Time Cover Direction 
(beginning/ 
NE | ending) 
11/1/00 | 55 28 12:50 Cirrostratus, 
Cumulonimbus Broken SW/SW 
11/7/00 19 | 26 | 12:30 Stratocumulus Overcast | SW/SW Heavy rain 
11/8/00 | 12 26 12:25 Stratocumulus Overcast SE/SE Light rain 
1/9/00 | 35 24 12:25 None No clouds | NW/NW 
/10/00 EN 14 12:15 None No clouds | NW/NW 
/11/00| 15 16 12:25 None Noclouds | W/NW 
/14/00| 22 14 12:30 | Cirrus Scattered | NW/NW 
11/15/00} 16 14 12:30 Cirrostratus Scattered | NW/NW 
1/17/00 13 5 12:30 Cirrostratus Overcast | NW/NW | 31 mm of rain 
/20/00| 14 14 12:40 None No clouds | NW/NW 
1/21/00} 13 9 12:25 None No clouds | NW/NW 
11/22/00} 16 12 12:45 Cirrostratus Clear NW/NW 
1/23/00| 46 16 12:15 Nimbostratus Overcast S/S 
1/25/00 16 15 1:00 Nimbostratus Overcast W/W 
11/27/00) 31 21 12:30 None No clouds | SW/SW 
11/28/00! 30 20 12:40 Cirrus Overcast | SW/SW 
| 1/29/00. 40 | 21 12:30 Cumulus Clear | ww 


жа € Another reason may be due to 
P ү the ozone monitoring site if, for 
eee | ` ere is an open field to the south and a 
E Ne to the north. Ozone is destroyed 
oh s contact with leaves on a tree, so a 
lowering ү rom the north in this case could be 
E € amount of ozone observed at the 

Ting site. In this particular example, the 


Metadata ar 
€ extremely im i 
pretation. y important for data inter- 


An Ехатрі 

Investig Es E "d a Student Research 
Forming q Hypothesis 

A Student of Heart 


as decided to bd Mary School in Alabama 


S on the interconnections of 


atmospheric conditions on the level of surface 
ozone observed. She has decided to begin her re- 
search process by looking at the visualizations of 
measurements of the ozone level and current tem- 
perature at her school for the month of April. Her 
initial hypothesis is the level of surface ozone pro- 
duced is directly related to the current temperature. 


Collecting and Analyzing Data 

Measuring surface ozone is a new protocol, but 
her school has several months of data they have 
gathered during the initial implementation of the 
new protocol. She decides to identify a month that 
is beginning to show increased levels of ozone to 
begin her analysis. There is an Air Quality Moni- 
toring site near her school, which has been turned 
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on since March, so she accesses the ozone levels 
measured by the professional equipment to be 
sure the data she has collected are of good qual- 
ity. She finds her data fall within a range of +10 
ppb of the professional readings. Clearly, her data 
are good enough for her project. 


She begins by organizing a spreadsheet of her 
ozone measurements, ending temperature, cloud 
type and cover, and the starting and ending wind 
direction by the dates the information was re- 
corded. See Table AT-SO-3. 


She generates a plot of the ozone measurements 
and considers measurements of 39 Ppb and lower 
as low ozone levels and 60 ppb and higher rela. 
tively high ozone. She then graphs the ozone and 
current temperature measurements. See Figure А]. 
SO-3. 


While reviewing her data she realizes that there is 
a pattern on some days when the temperature goes 
up, the ozone level increases, and when it goes 
down the ozone level decreases. However, there 
are days when the temperature was equally high 
and the ozone level dropped dramatically. She 


Heart of Mary School Ozone Measurement Levels and Metadata 


Table AT-SO-2 Taken at 17:30 UT Time 
= = 
Date ppb | Ending Cloud Type Cloud Wind 
Temp Cover Direction 
(beginning/ending) 
4/2/01 54 | у» Cirrus Broken SW/SW 
4/3/01 | ЭБ a2 Stratocumulus Broken NW/NW 
| 4/4/01 w 37 24 || Stratocumulus Overcast NW/NW 
ш 43 26115, Cirrostratus | Broken NW/NW 
(4/601 | 53 26 Cirrostratus Broken N/N 
T— 
4/7/01 | 47 24 | Cirrostratus Broken NE/NE 
4/9/01 35 | 26 Cumulus Broken SW/SW 
4/11/01 | 32 24 Altostratus Broken SW/SW 
+ 
4/12/01 | 31 27 Cirrus Scattered SW/SW 
4/ EXE 33 30 Altocumulus, Cumulus Broken SW/SW 
4/14/01 | 52 28 Cirrostratus, Cumulus Broken W/W 
4/16/01 | 54 29 Altostratus,Cirrocumulus Clear NW/NW 
4/17/01 
4/18/01 | en aa I = 
| 53 L4 None Clear N/N 
pm 64 | 23 None Iu Cheat S/SW 
/ "T 
es 41 27 None Clear SW/SW 
01 i T 
Sm 21 25 | Cumululonimbus, Stratocumulus | Overcast SW/SW 
57 
20 None Clear NW/NW 
4/26/01 | 62 22 N 
one Clear N/N 
4/27/01 | 63 25 N 
foe one Clear NW/NW 
4/28/01 | 79 | 6 N 
TERET i one Clear W/SE 
От етае Ао Cirrocumulus | Broken W/SE 
G 
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Figure AT-SO-3 


Comparing Ozone Level to Temperature 


Measurements 


o 
4 
i 
4 


4/2/01 
4/4/01 
4/6/01 
4/8/01 
4/10/01 
4/12/01 
4/14/01 


Date 


4/18/01 | 


1 


4/20/01 
4/22/01 | 
4/24/01 
4/26/01 | 
4/28/01 


knows her data are reasonable as she compared 
them with professional data, and wonders if she 
reorganizes her data by temperature will she be 
able to quickly identify the days with similar tem- 
perature that have different ozone levels. This 
might enable her to identify other factors influ- 
encing the level of ozone produced. See Table 
AT-SO-4. 


She realizes that with clear conditions and an in- 
crease in temperature, the level of ozone is higher 
except forone day. Another observation she makes 
is that the presence of clouds influences the level 
of ozone observed regardless of the temperature, 
and on days with roughly the same temperature 
those with overcast sky conditions have lower lev- 
Pus E The general pattern of increasing 
Ln ‘ures with broken clouds still provides an 

Tease in the level of ozone produced except for a 
oe P ove when the temperature was high, 
Lula ү p the level of ozone was lower than 
qu m he wind direction was different in- 
Ji in perhaps wind direction may 
P level of ozone. The wind directions 
us ТА ning and ending of the observation 
OM aed the same during this month 
29, Wo data points taken on April 28 and 


Further Analysis 


Stud 
th ents could go a step further and determine 


UN 
ratio of levels of ozone days by identifying 


patterns of ozone levels. Students would be able 
to determine whether or not the number of high 
ozone days is increasing or decreasing each 
month. The categories organized to calculate ra- 
tio might be: low levels of 39 ppb or lower, 40-49 
ppb, 50-59 ppb, 60-69 ppb, 70-79 ppb and 80 
ppb and higher. The following sample of ozone 
data from March through June demonstrates how 
ratio may be used to analyze monthly ozone pat- 
terns. See Table AT-SO-4. 


Ata glance the student can visually see patterns 
developing from March through June and also rec- 
ognize the impact of inconsistent data upon their 
ability to accurately analyze changes occurring 
over time. They might relate this to problems sci- 
entists have with incomplete data records. She will 
observe that there are consistently days with low 
levels of ozone, but she can see that the levels of 
ozone are increasing each month. Upon realizing 
that June is not a complete data summary, she 
might question how missing data will impact any 
conclusions that might be made from the review 
of June's data. 


By reviewing the percentages for each category of 
ozone level, she will see the continuous increase 
in ozone levels and identify the general variabil- 
ity of ozone levels for a given period of time. See 
Table AT-SO-5. June’ record demonstrates a void 
in the data, which makes it difficult to draw ac- 


curate conclusions. 
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Table AT-SO-3 Heart of Mary School Ozone LES Emen April 2001 


Wind Di i 
Temp. | ppb ozone Cloud Type Cloud Cover | Ind Direction 
а Clear N/N 
17 53 none = 
Clear N/N 
19 49 none | Eas t eel 
20 57 none Clear NW/NW 
L 
22 62 none Clear N/N 
S 
23 | Siu], none Clear S/SW Le 
i Broken SW/SW 
23 54 Cirrus 
n: Broken NW/NW 
24 53 Stratocumulus TO | 
24 47 Cirrostratus Broken |i NE/NE 
24 | ЭТ Stratocumulus Overcast NW/NW 
24 32 Altostratus _| Broken SW/SW 
| NW/NW 
25 AIEO dpe none |. Clear | wn 
25 21 _| Cumululonimbus, Stratocumulus d. Overcast SW/SW 
Clear W/SE 
26 «d 79 | none e - 
26 53 Cirrostratus Broken | N/N 
26 43 Cirrostratus Broken | NW/NW 
26 | 35 Cumulus Broken SW/SW 
27 82 Cirrus, Altostratus, Cirrocumulus Broken W/SE 
ا ا‎ 
27 41 none Clear SW/SW 
HLLAL p. | ww | 
28 52 Cirrostatus, Cumulus Broken W/W 
үзе | 
29 54 Altostratus, Cirrocumulus Clear NW/NW ail 
30 93 Altocumulus, Cumulus Broken SW/SW 
[PENS de nhl 
Future Research 


Another question raised by the student is how 
she might be able to identify a monthly pattern 
for ozone levels, She wonders if she calculates the 
temperature and ozone mean, for the four months, 
if the means will reflect a continuous increase or 
decrease in the level of ozone measured. Can a 
monthly ozone mean calculated for each month 
of the year provide information about the pattern 
of ozone levels? How do the patterns of ozone 
levels relate to Seasonal changes during the year? 


Identifying the ozone pattern in her area wil] pro- 
vide insight into atmospheric conditions that 
influence ozone levels. Exploring the relationship 


between wind direction patterns and levels o 
ozone measured provides a different challenge, 
but can be very exciting. Using the GLOBE а 
base, the student may choose another school | a 
town located approximately at the same latitut i 
but in a different geographic region to deem 
What other variables might influence the level o 
surface ozone produced. Posing and M 
additional questions is easier when GLO d 
Schools consistently report data. As demar 
in this study, missing data makes it difficult р 
monitor how the atmosphere changes over time. 
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Heart of Mary scnool-Ubserved Ozone Levels (ppb) 


March through June 
rable AT-SO-4 Grouped by Category (level) of Ozone Concentration 
March April May June 
[ NEU 21 35 us 
24 31 37 25 
33 32 45 26 
33 33 46 30 
34 35 49 at 
36 37 50 40 
36 41 54 55 
40 43 56 67 
41 47 56 70 
41 |A 57 76 
42 52 57 78 
44 53 58 87 
44 53 58 87 
45 53 59 88 
47 54 60 95 
47 54 62 
48 57 63 
50 62 66 
56 63 66 
| 60. | 64 69 
74 79 71 
74 82 74 
74 
[Ж] 
86 
Days 22 22 25 15 
Table AT-SO-5 Ratio of Ozone Levels for Four Months 
Month March April May June 
Total Number of Days with 22 22 25 15 
Ozone Measurements 
— 
Category Ratio 36 ile Ratio % | Ratio % [ Ratio % 
<40 ppb 722 32% | 622 27% | 225 8% | 5:15 34% 
40 - 49 ppb 1022 45% | 422 18% | 325 12% | 115 7% 
30 - 59 ppb 222 9% |o 32% pe 36% | l15 7% 
60-69 ppb 122 5% | 322 16$ | 625 24% | 115 7% 
70-79 ppb 222 9% | 1:22 5% | 425 16% | 315 20% 
>80 ppb on 0% | а | 125 4% | 415 27% 
GLOBE" 2003 Atmosphere 
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Figure AT-SO-4 


Diurnal Variation of Surface Ozone 
Los Angeles Basin 
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Studying Diurnal Variation of Surface Ozone 
and Validation of Data 

Students may also want to investigate the diurnal 
variation of surface ozone. A typical set of diur- 
nal ozone is shown in Figure AT-SO-4 for the Los 
Angeles basin. The two curves represent summer- 
time (dashed line) and wintertime (solid line) 
Concentrations plotted as a function of local time. 
From the difference in amplitude on the two curves, 
it is easy to see why the data set gathered by stu- 
dents would likely be more interesting in the 
summer, late spring or early autumn rather than 
in the middle of winter when lower ozone con- 
centrations and less variability would be expected 


Table AT-SO-6 summarizes two days of surface 
ozone measurements during times of when stu- 
dents would be available to take such 
measurements. This particular set of data was ob- 
tained at an operational EPA monitoring site so 
that the student measurements could be compared 


Table AT-SO-6 


directly with the measurements using a calibrated 
ozone monitor that cost thousands of dollars, This 
is one comparison that has allowed GLOBE to de- 
termine the how well its measurement system 
performs in the field. 


The goal of the surface ozone protocol is to ob- 
tain ozone concentrations with an accuracy of 10 
ppb or better. From the data shown in Table AT- 
SO-6, we can see that the accuracy goal has been 
achieved in this test. On both days, the Zikua sys- 
tem showed higher concentrations in the 
afternoon although the diurnal difference was 
much greater on the second day. The EPA moni- 
tor confirmed the diurnal behavior and also 
measured a greater difference between the after- 
noon and morning of the 30". 


Therefore, another check on the reasonableness 
of data from a single day is to compare it with 
data from other near-by GLOBE schools or other 
Sources of surface ozone data. Is there a reason- 
able explanation for the differences you see? 


Date Start GLOBE EPA 
Time Reading (ppb) Reading (ppB) 
8/29/00 10:00 22 25 
12:00 28 31 
13:00 33 35 
14:00 31 39 
15:00 34 44 
8/30/00 10:00 18 10 
11:00 23 25 
12:00 29 31 
13:00 35 38 
| 14:00 23 98 
15:00 60 59 
GLOBE" 2003 Surface Ozone Protocol- 18 atmosphere 
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Learning Activities Supporting, Taking, and Understanding Measurements 


Observing, Describing, and Identifying Clouds 
Students begin to learn cloud types and their names. 


Estimating Cloud Cover: A Simulation 
Students practice estimating how much of the sky is covered by clouds. 


Cloud Watch 
Students monitor clouds and weather to begin to understand the 
connections between the two. 


Observing Visibility and Sky Color 
Students observe sky color and learn to associate color with the presence 
or absence of aerosols. 


Making a Sundial 

Students study the movement of the sun during the day by making 
quantitative observations of the direction and length of the shadow cast 
by a stick (known as a solar gnomon). 


Calculating Relative Air Mass 

Students are introduced to the concepts of solar elevation angle and 
relative air mass and learn how to determine relative air mass from 
measurements of solar elevation angle. 


Learning Activities - 1 Atmosphere 


Students explore how the placement and design of instrument shelters can 
influence temperature measurements taken from thermometers located 


inside them. 


Building a Thermometer* 
Students construct simple thermometers to understand how and why 
liquid-in-glass thermometers work. 


Constructing a Model of Parts Per Billion of Surface Ozone* 


Students construct and compare cubes of different volumes to gain insight 
into small concentrations such as a part per million and a part per billion. 


Learning Activities Supporting the Use of Visualizations to Look at Data 


Making a Contour Map* 
Students construct one or more contour maps using GLOBE data. 


Draw Your Own Visualization* 


Students draw a visualization and learn about all the design choices 
involved and how these choices affect what is communicated by the 
visualization. 


Learning to Use Visualizations: An Example With Elevation and 
Temperature* 


Students use visualizations to explore the relation between elevation and 


temperature and begin learning how to make important patterns evident 
in visualizations. 


* See the full €-guide version of the Teacher's Guide available on the GLOBE Web site and CD-ROM. 


Studying the Instrument Shelter* 


£4 
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` wentifying Clouds 


Purpose 
To enable students to observe clouds, describe 
ihem in a common vocabulary, and compare 
their descriptions with the official cloud names 


Overview 

Students observe and sketch clouds, describing 
their forms. They will initially generate 
descriptions of a personal nature and then move 
toward building a more scientific vocabulary. 
They correlate their descriptions with the 
standard classifications using the ten cloud types 
identified for GLOBE. Each student develops a 
personal cloud booklet to be used in 
conjunction with the GLOBE Cloud Chart. 


Student Outcomes 


Students will be able to identify cloud types 
using standard cloud classification names. 


Science Concepts 
Earth and Space Science 
Weather can be described by qualitative 
observations. 


Weather changes from day to day and over 
the seasons. 


Clouds form by condensation of water 
vapor in the atmosphere. 
Geography 
The nature and extent of cloud cover 
affects the characteristics of the physical 


Atmosphere Enrichment 
Clouds are identified by their shape, 
altitude, composition, and precipitation 
characteristics. 
Clouds help us to understand and predict 
the weather. 


Scientific Inquiry Abilities 
Identify answerable questions. 
Use a Cloud Chart to classify cloud types. 
Develop descriptions using evidence. 
Communicate procedures, descriptions, 
and predictions. 


Time 


Two class periods. May be repeated on days 
when different kinds of clouds are present 


Level 
All 


Materials and Tools 

GLOBE Cloud Chart 

Observing Cloud Type Sheets (in the 
Appendix) 

GLOBE Science Log 

Reference books containing cloud images 

Still or video camera to photograph clouds 
(optional) 


Preparation 


Obtain cloud reference books and mark the 


geographic system. appropriate pages. 
Prerequisites 
None 
SEIS 
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Background 

Accurate weather forecasting starts with careful 
and consistent observations. The human eye 
represents one of the best (and least expensive) 
weather instruments. Much of what we know 
about the weather is a result of direct human 
observation conducted over thousands of years. 
Although being able to identify clouds is useful 
in itself, observing clouds on a regular basis and 
keeping track of the weather associated with 
certain kinds of clouds will show students the 
connection between cloud types and weather. 
Recognizing cloud types can help you predict the 
kind of weather to expect in the near future. We 
do not describe those connections here, but there 
are numerous weather books that can help you 
and your students make them. Inviting a local 
Meteorologist to visit your class and to talk with 
the students is a sure way to stimulate interest in 
the relationship between clouds and weather 
patterns. 


In this activity, we ask students to look carefully 
at clouds, sketch them, and describe them in their 
own words before using the official names. The 
activity can be repeated on different days when 
different kinds of clouds are present. In fact, if 
you can be spontaneous, it would be nice to take 
a break and do some outdoor “cloud work” 
whenever a new kind of cloud appears in the sky. 
Over time, students can build up a considerable 
familiarity with cloud types. If you cannot always 
take the students outside when interesting clouds 


appear, perhaps you can observe them through a 
window. 


Students Develop a Personal Cloud 
Booklet 


Students should develop, either in their GLOBE 
Science Logs or in separate cloud booklets, an 
individual, personal set of notes on clouds and 
cloud types, They should devote one page of their 
GLOBE Science Logs to each individual cloud type 
they identify, They can include not only their own 
observations and descriptions but also 
photographs of clouds that they take or that they 
clip from other sources. On any given day 
students may observe several kinds of clouds in 


the sky at the same time. If several types of clouds 
are present, they should record each of the types 
on a separate page of their GLOBE Science Logs, 


Identifying and Classifying Clouds 

The GLOBE protocol asks you to identify ten 
common types of clouds. The names used for the 
clouds are based on three factors: their shape, the 
altitude at which they occur, and whether they 
are producing precipitation. 


1. Clouds come in three basic shapes: 
cumulus clouds (heaped and puffy) 
stratus clouds (layered) 
cirrus clouds (wispy) 

. Clouds occur in three altitude ranges 
(specifically, the altitude of the cloud 
base): 

High clouds (above 6,000 m), designated 
by “cirrus or cirro-” 

* Cirrus 

* Cirrocumulus 

* Cirrostratus 

Middle clouds (2,000 - 6,000 m), 
designated by “alto-” 

* Altocumulus 

* Altostratus 

Low clouds (below 2,000 m), no prefix 
* Stratus 

* Nimbostratus 

* Cumulus 

* Stratocumulus 

* Cumulonimbus 

Note: While both cumulus and cumulonimbus 

clouds may have their bases starting below 

2,000 m, they often grow thick enough to extend 

into the middle or even high range. Thus, they 

are often referred to as "clouds of vertical 
development." Only high clouds are wispy and 

So the term cirrus has become synonymous with 

wispy as well as referring to high clouds. 


N 


3. Clouds whose names incorporate the m 
"nimbus" or the prefix *nimbo-" are clou 
from which precipitation is falling. 
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4. Contrails are linear clouds formed around 
small particles in jet aircraft exhaust. 
These are indeed clouds, caused directly 
by human activity, and are of great interest 
to researchers. We distinguish three 
subtypes: 

. Short-lived contrails: obvious tail behind 

a plane; Do not remain after plane passes; 

2. Persistent, non-spreading contrails: 

obvious contrails (linear, narrow 

eatures) that do not appear to dissipate 

significantly, or to show signs 

of spreading, and that remain long after 

the airplanes that created them have left 

he area; Each contrail subtends a narrow 
angle in the sky; 

3. Persistent, spreading contrails: obvious 

inear cirrus-type clouds with a diffuse 

appearance; Each contrail subtends a 

wider angle in the sky. 


Cloud Identification Tips 


Several things are useful to know in identifying 
and naming clouds according to the official 
classifications: 


Clouds that are wispy and high in the sky are 
always cirrus of one type or another. If the cirrus 
clouds contain waves or puffs, then they are 
cirrocumulus. If they form continuous layers that 
seem to cover the sky high up, they are 
Cirrostratus. Contrails occur at high levels too, and 
are very linear cloud features. 


Clouds at middle altitudes are designated by the 
Prefix "alto-." If in layers, they are altostratus; if 
in heaps and puffy, they are altocumulus. 


Clouds that form at low altitudes (below 2,000 m) 

are either of the cumulus or stratus family. Clouds 

Dus cumulus family are puffy and heaped. 
ouds in the stratus family form in layers or 

Sheets that cover broad expanses of sky. 

Low clouds that are dark, threatening and actually 

Producing rain receive the designation “nimbus.” 
Imbostratus clouds cover the entire sky with 


broad sheets and produce steady rain. 
Nimbostratus clouds are larger horizontally than 
vertically. The rainfall associated with 
nimbostratus typically is low to moderate in 
intensity, but falls over a large area for an extended 
period of time. Cumulonimbus have dark bases 
and puffy tops, often anvil-shaped, and are 
sometimes called “thunderheads.” They tend to 
produce heavy precipitation, typically 
accompanied by lightning and thunder. 


Using Photography 

It should not be hard to find photographs of 
clouds in books, charts, and magazines. However, 
the students will enjoy taking their own 
photographs of clouds. Introduce this as an 
activity after they have sketched and described 
clouds in their own words. Video photography of 
clouds in motion also presents a new perspective 
on cloud formation and behavior, particularly if 
you can use a tripod and time-lapse photography. 


GLOBE* 2993 


Observing Clouds Learning Activity - 3 


Atmosphere 


9ul059J2M 


VC see —/X uomnponu, 


xipuaddy 


oe Part 1: Describing Clouds 
In Your Own Words 


What To Do and How To Do It 
1. Organize the students into two-person 
2 teams. Send them outside with their 
RQ GLOBE Science Logs to an open location 
to observe the clouds. Each student should 
draw a detailed sketch of the clouds in the 
sky. If there are several different kinds of 


clouds present, they should sketch each 
specific kind on a separate page of their 


notebooks. 

f . Each student should record the date and 
time of day and describe the appearance of 
the clouds next to the sketch. They should 
use as many words as necessary to 
describe the appearance of the clouds, 
Emphasize that there are no right or 
Wrong answers and that they should use 
whatever words seem appropriate to them. 

Ca Some possible student responses: 

\ Size: small, large, heavy, light, dense, thick 
Shape: fluffy, Stringy, cottony, lumpy, torn, 
smooth, patchy, sheets, ragged, looks like 
ал, 


N 


ec 


Color: gray, black, white, silvery, milky 


* Description: thunderclouds, menacing, 
NY threatening, gloomy, enveloping, beautiful, 
= streaked, foggy, bubbly, scattered, moving, 


swirling 

. Upon returning to the class, pairs should 
join together to share descriptions. Ask 
each group of four to compile a “group 
list” of all the words they used to describe 
each cloud type they observed. They 
should select the words they think are the 
best ones for describing the clouds they 


Saw. 
® . Using the GLOBE Cloud Chart, students 

should match their Sketches with one of 

the photographs and record the scientific 


name of the cloud type next to their 
sketch. 


Ww 


EN 
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Part 2: Comparing Your 
Descriptions to the 
Official Descriptions 


What To Do and How To Do It 


a 


N 


(You may choose to postpone this 
discussion until the class has accumulated 
descriptions of several different kinds of 
clouds.) 

Initiate a class discussion. Ask one four- 
person group to draw a cloud sketch on 
the board and record the words their 
group used to describe the cloud. If 
several different clouds have been 
observed, have a different group do each 
type. Ask other groups to contribute 
additional words they used to describe 
these clouds. 

Ask the students to group the words they 
used into clusters that seem to go together. 
Ask them to name the specific features of 
the clouds (such as size, shape, color, 
altitude, or other features) to which these 
clusters refer. Do these clusters represent 
the main cloud features to which they 
think an observer should pay attention? 
Are there any cloud features that have not 
been included? What would they say is the 
basis of their System, that is, what features 
of clouds does it pay attention to? 


Ask the students to indicate the "official" 


names for the clouds pictured on the 
board. Explain that the official system 
used to classify clouds relies upon three 
features of clouds: shape, altitude, and 
precipitation. Compare the official system 
to the classification system they developed 
on their own. What cloud features does 
each include and omit? 
Ask students which of their words they 
would use to describe each of these cloud 
families: 

Stratus clouds 

cumulus clouds 

cirrus clouds 

nimbus clouds 
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3, Repeat the observation, sketching, and 
description of different cloud types on 
subsequent days as new clouds appear in 
your sky. Have students develop a separate 
page of their GLOBE Science Logs for each 
new cloud type they observe. Have them 
record both the official name of the cloud 
and their own preferred descriptions of it. 
Continue to discuss the basis for the 
official classification system. 


Adaptations for Younger and Older 
Students 

Younger students can describe clouds in terms of 
their basic family type: cirrus, cumulus, and 
stratus. They can also describe the height of the 
clouds: low, medium, or high; their shape: large 
or small; and their color: white, gray, or black. 


Older students can correlate cloud types with the 
appearance of certain types of weather. See the 
Cloud Watch Learning Activity. Students also can 
pay attention to the sequence of cloud types over 
the course of several days and can investigate the 
factors that cause clouds to form. 


This activity can present interesting possibilities 
for collaboration with an art teacher or a literature 
teacher, each of whom can contribute a different, 
perhaps nonscientific, perspective on the 
description of clouds. 


Further Investigations 


Examine the correlation between wind and clouds. 
Chart the wind direction and speed for each 
observable cloud type. 


Explain the connection between the hydrologic 


cycle and atmospheric conditions. 


Satellite and shuttle photos allow observations of 


ше dynamics of our atmosphere and the 
examination of large-scale phenomena that are not 
Possible from land. Use space-based imagery to 
оаа ог to track storms. Consider the 
ii isadvantages of space images versus 
Meteorological information and data. 


Track storms and clouds from a distance to aid in 
understanding local weather conditions. Use 
binoculars to study clouds and their formations 
from a distance. Use local maps to help identify 
the distance of landmarks and the speed at which 
clouds are moving. 


Create cloud games to practice identification skills 
and concepts: 


Cloud Game £1: Have each student create a set 
of 3" x 5" index cards that includes names of the 
ten cloud types. A second set of cards includes 
illustrations of each of the ten types. Pairs of 
students combine cards, turning them face down. 
Partners alternate turning over two cards at a time, 
attempting to locate a match. A successful match 
results in another turn. Play continues until all 
cards have been matched. The winner is the 
partner with the most matched pairs. 


Cloud Game #2: Groups of students can generate 
questions about clouds: appearance, shape, 
altitude, and percentage of dominant cover. On a 
3" x 5" index card write the statement as an 
answer. For example: “Scattered Clouds" is the 
answer to the question, "What is the cloud cover 
when between a tenth and a half of the sky is 
covered with clouds?" Divide the class into teams 
to play. Players respond to the answer cards in 
the form of a question (see above). 
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Purpose 
To explore the connections between cloud type, 
cloud cover, and weather and stimulate student 
interest in taking cloud type observations 


Overview 

Students observe cloud type and coverage and 
weather conditions over a five-day period and 
correlate these observations. Students make and 
test predictions using these observations. 


Student Outcomes 
Students learn to draw inferences from 
observations and use them to make and test 
predictions. 
Science Concepts 
Earth and Space Science 
Weather changes from day to day and over 
the seasons. 
Clouds affect weather and climate. 
Geography 
The nature and extent of cloud cover 
affects the characteristics of the physical 
geographic system. 
Atmosphere Enrichment 


Clouds help us to understand and predict 
the weather. 


Scientific Inquiry Abilities 
Identify answerable questions. 
Design and conduct scientific 
investigations. 
Develop explanations and predictions 
using evidence. 
Communicate results and explanations. 
Time 


Ten minutes, one to three times per day for five 
days; plus one-half to one class period for 
discussion 


Level 
All 


Materials and Tools 
GLOBE Cloud Charts 


Preparation 


None 


Prerequisites 


None 


What To Do and How To Do It 


ee a five-day period, students should carefully 
ч We the clouds and write down what they see 
their GLOBE Science Logs. If they do not yet 
In names of the clouds, they can try to 
Nim them with the clouds on the cloud chart 
ie ‘ies ste down what the clouds look like. 
ibe ios they can check the sky three times per 
daba idm morning (on the way to school); 
ffe lae еч ау (around lunchtime); and once in 
Eg emoon or early evening (perhaps on 
у home from school). The exact times of 


each observation are not critical, although it wil 
help if the observations are made at roughly the 
same time each day. (For example, the morning 
observations should all be made around 8 a.m., 
rather than at 7 a.m. one day, and 10 a.m. the 
next day. The same is true for the noontime and 
afternoon or evening observations). If students can 
make only one observation, it is best to choose 
the one within one hour of local solar noon. 


At the end of each day, students should also record 
the weather for that day. Was it a rainy morning 
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and clear afternoon? Did it snow all day? Was it 
calm and humid? The students do not need to 
quantify their weather reports (i.e., they dont have 
to write down *21 millimeters of rain" or *7996 
relative humidity"), but should describe the 
weather as completely and clearly as possible. 


As the students record their cloud and weather 
observations, they should look for any patterns. 
For example, are altocumulus clouds in the 
morning typically followed by afternoon 
thunderstorms? Are small puffy clouds in the 
morning or at mid-day ever associated with 
precipitation later in the day? Are isolated 
morning contrails followed by extensive cirrus or 
altocumulus clouds later in the day? 


After a week of recording clouds and weather, ask 
students to use their observations to predict the 
weather. Can they predict in the morning what 
the afternoon weather will be? Can they predict 
the weather for the following day? Ask students 
to explain why they made the predictions they 
did. Have each student keep track of how well 
they do in forecasting the weather. They may 


develop a new respect for the difficulty of 
forecasting! 


GLOBE* 2003 


Frequently Asked Questions 


What if the cloud and weather conditions are 
the same for five days in a row? 

This can happen in some places and at Certain 
times of year. If you need to move on to Other 
topics, you can have students discuss their 
observations without making predictions and go 
on. 


In predicting weather, predicting that tomorrow 
will be the same as today is known as а persistence 
forecast, and it is generally correct more than half 
the time. For a forecasting system to have skill it 
must be more accurate than a persistence forecast 
over a period of months and years. 


Other approaches are to have students extend 
their observations beyond five days until they have 
observed a variety of cloud types and weather 
conditions. Sometimes weather patterns lock in 
place for a month or more, so you may have more 
success by having students resume taking 
measurements at a later date. 
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Purpose 
To help students better understand percent 
cloud cover and to take more accurate cloud 
cover observations 


Overview 

Working in pairs or small groups, students use 
construction paper to simulate cloud cover. 
They estimate the percentage of cloud cover 
represented by torn pieces of paper on a 
contrasting background and assign a cloud 
cover classification to the simulations created 
by their classmates. 


Student Outcomes 

Students understand the difficulties of visually 
estimating the percentage of cloud cover and 
gain experience estimating cloud cover, 
evaluating the accuracy of estimates, and using 
fractions and percentages. 


Science Concepts 
Earth and Space Science 


Clouds can be described by quantitative 
measurements. 

Clouds change over different temporal and 
Spatial scales. 


Geography 
The nature and extent of cloud cover 
affects the characteristics of the physical 
geographic system. 
Scientific Inquiry Abilities 
Estimate cloud cover. 
Design and conduct scientific 
investigations. 
Use appropriate mathematics to analyze 
data. 
Communicate results and explanations. 


Time 
One class period 


Level 
All 


Materials and Tools 


Sheets of colored construction paper, one 
blue and one white per student 
Glue stick, glue, or tape 


Preparation 
None 


Prerequisites 


Familiarity with fractions and percentages 


Background 


ae experienced observers have difficulty 
mating cloud cover. This seems to derive, in 
Pu ae tendency to underestimate the 
cae ye, ee objects in comparison to the 
bu. Mou га the objects themselves, in this 
есен xs tudents have an opportunity to 
id on ta 8 perceptual bias themselves, to 
Consequences for their scientific 


Work 
abili and to devise strategies to improve their 
Y to estimate cloud cover. 


What To Do and How To Do It 

Introduce students to the idea of observing and 
quantifying cloud cover. Explain that they will 
simulate cloud cover using construction paper and 
estimate the amount of cloud cover represented by 
white scraps of paper on a blue background. 
Demonstrate the procedures covered in steps 3 - 6 
below so that students understand how to proceed. 


You may review the Cloud Cover Protocol with 
students before doing this learning activity or use 
the activity as a first step in presenting the protocol 
to students. Step 7 below requires you to explain 
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X the classification categories that are used — no 


clouds, clear, isolated, scattered, broken, and 
overcast. 
1. Organize students into pairs. 


2. Provide each pair with the necessary 
materials: 


one sheet of light blue construction 
paper 

one sheet of white construction paper 
divided into 10 equal segments 
GLOBE Science Log 

glue stick, glue, or tape. 


. Have each student pair choose a 
percentage of cloud cover that they wish 
to represent. They must choose a multiple 
of 1096 (i.e. 2096, 3096, 6096, etc. not 596 
or 9596). They should not reveal the 
percentage they have chosen to anyone 


N 


else. 
; 4. Have each pair cut their white paper so 
| € that it represents the percentage of cloud 
УУ cover they have chosen. For example, if 


they have chosen 30%, they should cut 
out 30% of their white piece of paper and 
recycle the remaining 7096. 


5. Students should then tear their white 
a pu into irregular shapes to represent 
AY clouds. 


Table AT-CO-1 


oo 


© 


6. Have students paste or tape the cloud 
pieces onto the blue paper, taking care not 
to overlap the pieces of white paper. On 
the back of the blue paper, record the 
percentage of cloud cover. 


- 


. Have students take turns visiting each 
others' simulations and estimating the 
percentage of cloud cover. For each 
simulation they should classify the Sky as 
"clear, isolated, scattered, broken, or 
overcast using Table AT-CO-1." They 
should then record their estimates in their 
GLOBE Science Log, using a table similar 
to that shown in Table AT-CO-2. 


Have all students visit all the simulations, 
or divide the class in some way so that 
students visit only some of the 
simulations. 


- When students complete their estimates of 
cloud cover, create a table on the board to 
compare the estimates with the actual 
percentages. See Table AT-CO-3. 

Create a second table that compares 
correct classifications with incorrect 
classifications. See Table AT-CO-4. 


10. Discuss with the class the accuracy of 


their estimates, 
Which were more accurate — the 
percentage estimates or the classifications? 


If less than If greater or equal to 
= 
10% Isolated 
x us 
Isolated Scattered 
Scattered m Broken 
| Overcast 
ë Table AT-CO-2 
Estimated percent Classification 
Jon & Alice 40% al; 
scattered 
Juan & Jose T 
broken 
le 
К 
£1 
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Table AT-CO-3 


Name Actual % | Underestimates Correct estimates Overestimates 
A 
Jon & Alice 60 | id 5 12 
Е | 
Juan & Jose 70 6 9 6 


Table AT-CO-4 
Name Correct Classified too Classified 
classification little cover correctly 


Classified too 
much cover 


Jon & Alice Broken 4 | 9 8 


Juan & Jose Broken 7 12 2 


= 
= 
© 
с. 
= 
= 
© 
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Where did the greatest errors occur? 


Can students come up with a quantitative 
measure of their collective accuracy? 


Does the class have a tendency to 
overestimate or underestimate cloud 
cover? 


What factors influenced the accuracy of 
the estimates (e.g. size of the clouds, 
clustering of the clouds in one part of the 
sky, the percentage of sky that was 
covered)? 


sJ020104d 


Do students feel that making these 
estimates is something they have a talent 
lor, or is it something that they can learn? 
Where else might such spatial estimation 
Skills be valuable? 

Which cloud classifications were the 
easiest and most difficult to identify? 
What strategies enabled students to 
Correctly estimate cloud cover? 


What strategies might produce more 
accurate classifications? 


xipuaddy 
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Purpose 
To observe, document, and classify changes in 
visibility and sky color over time and to 
understand the relationship between sky color, 
visibility, and aerosols in the atmosphere 


Student Outcomes 

Students become aware of the changes in 
visibility and sky color due to particles 
suspended in the air. 


Overview 
Science Concepts 
Earth and Space Science 
The atmosphere is composed of different 
gases and aerosols. 
Geography 
Human activities can modify the physical 
environment, specifically air quality and 
the composition of the atmosphere. 
Atmosphere Enrichment 
Aerosols decrease the amount of solar 
energy reaching Earth’s surface. 
Aerosols in the atmosphere increase haze, 
decrease visibility, and affect air quality: 


Scientific Inquiry Abilities 

Identify answerable questions. 

Observe and describe sky conditions. 

Develop descriptions and explanations 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and 
explanations. 


Time 
Initial observations: 20 minutes 


Continued observations: 10 minutes 


Level 
All 


Frequency 
Initial observations: for five to ten days, days with 
limited cloud covered preferred 


Continued observations: throughout the year, days 
with limited cloud covered preferred 


Materials and Tools 

Colored pencils or water-colored paint and 
brushes 

White paper 

Optional: camera or paint sample cards 
(from a local paint store) 

Visibility and Sky Color Data Sheet 

Visibility and Sky Color Summary Chart 

Scissors and tape 


Preparation 


None 


Prerequisites 
Cloud Cover Protocol 
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Background 


Why is a clear sky blue? The atmosphere consists 
primarily of molecules of oxygen and nitrogen. 
Sunlight bounces off these molecules, a process 
called scattering. Light with shorter wavelengths, 
at the blue end of the visible light spectrum, is 
scattered more efficiently than longer wavelengths. 
To an observer on the ground, this scattered light 
fills the entire sky and a clear sky appears blue. 


However, there are also liquid and solid particles 
called aerosols suspended in the atmosphere. 
When there are relatively few aerosols, the sky 
appears clear. For example, a distant building or 
mountain peak appears clearly defined, with 
colors similar to what you would see if you were 
much closer to that distant object. On a very clear 
day, you would report the sky color as blue or 
deep blue and the sky condition as clear or 
unusually clear. Aerosols come from natural 
Sources such as condensation and freezing water 
vapor, volcanoes, dust storms, and salt crystals 
evaporated from sea spray. They also come from 
human activities such as burning fossil fuels and 
biomass (e.g., wood, dung, dried leaves) and 
plowing or digging up soil. Aerosols are much 
bigger than gas molecules (they range in size from 
about 10% m (1 micron) to 107 m) and they scatter 
light from all visible wavelengths. Individual 
aerosols are too small to be visible to the human 
eye, but their presence affects the sky’ appearance. 
As the aerosol concentration, and therefore 
Scattering of sunlight, increases, the sky appears 
less blue. Haze is the visible effect of aerosols on 
the atmosphere; it is a qualitative condition you 
can observe. When aerosol concentrations are 
high, we say that the sky looks hazy. Aerosol 
concentrations can also be 
quantitatively. 


measured 


Hazy skies appear pale blue or almost white. 
Depending on the type of aerosols present in the 
atmosphere, the sky may also appear brownish 
or yellowish. Scattering of visible light through a 
hazy sky affects horizontal visibility, so distant 
objects appear less distinct, with washed-out or 
distorted colors. Distant objects that are visible 
оп a clear day may actually disappear on a hazy 
day. Aerosols, probably produced by urban smog, 


Photograph © Forrest M. Mims III. Used by permission. May be freely 
reproduced with acknowledgment. 


cause the haze evident in this picture of the Empire 
State Building in New York City. Over the past few 
decades, horizontal visibility has declined around 
the globe, on average, due to increasing aerosol 
concentrations. As a result, scenic vistas 
throughout the world have been obscured. 
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Teacher Preparation 


Inthisactivity, your students will carefully observe 
the atmosphere over a period of days and record 
their observations. Through these direct 
observations they will develop an understanding 
that visibility and sky color are related and that 
both are due to the relative presence or absence 
of aerosols. 


The students will classify the sky color using 
standard categories and will represent the sky 
color using paints or colored pencils. They also 
will record the visibility based on observation of 
a distant object such as a mountain or a building. 
It is not important that they observe every day, 
but they should try to sample a wide range of the 
visibility and sky conditions that occur at your 
location. They should try to observe on some very 
clear days, on some hazy days, and on some 
intermediate days. After they have observed and 
recorded examples of very clear days, very hazy 
days, and various conditions in between, the class 
will record their observations in a summary table 
and see whether or not a pattern emerges that 
relates visibility to sky color. 


Visibility 

By "visibility" we mean the clarity with which 
objects can be viewed through the intervening 
atmosphere. In order to judge visibility or the 
clarity of the atmosphere, students need to be able 
to look out at a distant scene, such as a distant 
building or a mountain or hillside. By looking at 
the same scene or object every day students will 
gradually develop a sense of whether the day is 
unusually clear, clear, somewhat hazy, very hazy, 
or extremely hazy. Only practice, lots of different 
examples, and discussion will make these 
Categories clear. (No pun intended!) 


Sky Color 


are also asked to observe, classify, and‏ و 
the sky color. They will classify the sky‏ 
the Bee the categories listed at the bottom of‏ 
foe = eet. They represent the sky color in a‏ 
could | sing paints or colored pencils. They‏ 

also try using photographs or color paint 


chips. As they make more observations, the 
students will become more confident of their 
classifications and more skillful in drawing the 
sky color. 


Students may notice that the sky is often a different 
color in different parts of the sky. Near the horizon 
it is typically lighter due to the presence of 
aerosols. The darkest part of sky can often be seen 
about half way between the horizon and directly 
overhead, in the "anti- sun" direction — that is, 
when you look at the sky with your shadow in 
front of you. Students should try to locate the 
darkest (bluest) color of the sky and record it. 


Correlation Between Visibility and Sky 
Color 


One of the purposes of this activity is for students 
to realize that on the clearest days with the highest 
visibility the sky is a deep blue color, while on 
hazy days it appears milky. Changes in visibility 
and sky color are both due to changes in aerosol 
concentrations in the atmosphere. Because 
aerosols scatter sunlight, high aerosol 
concentrations make it harder to see distant 
objects and make the sky appear lighter. On clear 
days when aerosols are low, visibility is high and 
the sky is deep blue. But do not TELL students 
this; let them discover it by pooling the class 
observations in the Visibility and Sky Color 
Summary Chart. It should be the case that most of 
their observations will tend to fall along the main 
diagonal from upper left to lower right. 


What To Do and How To Do It 

1. Lead students through a discussion of 
aerosols, visibility, and sky color. Begin by 
asking them what they recall about times 
when the sky was very hazy. How was the 
visibility? How did they recognize that 
visibility was low? What color was the 
sky? When did this occur? What do they 
think caused it? 
Continue by asking them to recall a time 
when the sky was very clear. What did it 
look like? What color? How was the 
visibility through the atmosphere? When 
did this very clear event occur? What was 
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the weather like at that time? What do 
they think caused the air to be so clear at 
that time? 

3. If it has not already come up in 
discussion, discuss the role of aerosols in 
the creation of haze. Discuss local and 
regional sources of aerosols, Discuss, also, 
how aerosols such as dust can be 
transported from long distances and affect 
local conditions. 


4. Explain that they will undertake an 
investigation of sky color and visibility. 
Introduce the Visibility and Sky Color Data 
Sheet and discuss how to use it. Take 
observations for as many days as necessary 
to obtain a full range of sky conditions in 
the data. 


5. After the class has made a large number of 
observations, covering the entire range of 
sky conditions that occur in your area, 
bring the class together for a group 
discussion of the data. Engage the students 
in a discussion of the conditions that 
existed when they observed the clearest 
and their haziest skies. What was the 
weather like? What do they think 
accounted for the clearest and the haziest 
skies? When they had hazy skies, was the 
haze created by local, regional, or long- 
distance factors? 


6. On the blackboard or on chart paper, 
create a chart similar to the Visibility and 
Sky Color Summary Chart shown. Invite 
students to contribute their data to the 
chart by placing a mark in the appropriate 
cross-classification cell to Tepresent each of 
their observations. 


T. When the chart has been populated with 
all of the student observations you should 
observe a diagonal trend in the data, from 
upper left to lower right. Ask students to 
explain why this trend exists. What is the 
common element that causes both low 
visibility and milky skies? 


8. (Optional) Have each student or team 
create a “key” to help them make future 
observations. Select one sky color example 
for each level of visibility/sky color from 
“unusually clear” to “extremely hazy.” Use 
these keys to standardize your 
observations of haze conditions. Students 
can continue to take observations 
throughout the year and note relationships 
to season, storms, time of day, 
temperature, wind direction and other 
conditions. Depending on students’ ages, 
these color keys can be sky paintings, 
photographs, or paint color chips that can 
be obtained from stores that sell interior 
paint. 


Student Preparation for Observing 
Visibility and Sky Color 


Make these observations only on days when you 
can see the sky. Do not attempt to observe visibility 
and sky color on days that are overcast. For each 
day that you make an observation, record the date, 
the local time, your estimate of the visibility and 
your estimate of the sky color. 


Both visibility and sky color are subjective 
classifications. That means you should expect 
some variation among observers and changes in 
your own classifications as you gain experience. 
As you gain experience in observing the 
atmosphere and the sky you may change yout 
mind about some of your initial classifications. 
You may decide that what you originally classified 
as a deep blue sky you now consider to be merely 
*blue." Or, you may decide that what you thought 
was “somewhat hazy” was really “very hazy.” Do 
not worry about this and do not go back and 
change your original observations. You can expect 
your skill in classifying to evolve and change 
Gradually, you should gain confidence in you" 
ability to classify consistently. 


1. Estimate the visibility. | 
Select some distant object — a moun 
range, a building, or other object sever 
kilometers away. Use this object as you" 
“reference object” to judge visibility eve 
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day you make an observation. Take note of 
how distinctly you can see it and select 
one of the visibility categories below and 
record it on the Visibility and Sky Color 
Data Sheet. 

Unusually clear 

Clear 

Somewhat hazy 

Very hazy 

Extremely hazy 
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‚ Observe the sky color. 
Now look at the sky and find the part of it 
that is the darkest color. When you do this 
activity, be sure not to look directly at the 
sun even if it is partially obscured by 
clouds. Select a category for the sky color 
from the list below and record it on the 
Visibility and Sky Color Data Sheet. 
Deep blue 
Blue 
Light blue 


+ Pale blue 

Milky 
Paint or draw with colored pencils your 
best representation of the sky color in the 


"picture" box. You can also use paint color 


chips or photographs to represent sky 
color. 


Questions for Understanding 


1. When you see blue skies, what other 
Weather conditions are likely to exist? 
What else would you observe on very 
clear days? 

Are you aware of any daily patterns in sky 
Color and visibility in your location? Is it 
usually hazier at certain times of day? 
What causes this? 


. How are Sky color and haze related to 
Weather? 
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Are sky color and haze at your location 

related to the amount of wind and the 

е wind direction? If so, why? 

1 р sky color and haze at your location 
elated to the time of the year? That is, are 

there seasonal patterns in your data? 
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Observer(s): 
GL lor Comments: 
Date |Local Visibility Due Со — жейди, 
i use categories д Te 
NP below) (see below) Color * wind direction, etc. 
oct £r Wie ве D 
|. 
= Fz 
| ES Г 
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T 
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1i Lip +— 
Т Em nm 
taken 
"Alternatively, you can give the name of a paint color, or you can refer to a photograph you have 
previously. 
Visibility Categories Sky Color Categories 
Unusually clear Deep blue 
Clear Blue 
Somewhat hazy Light blue E 
Very hazy Pale blue Г 
Extremely hazy Milky 
sphere , 
GLOBE" 2003 Observing Visibility and Sky Color Learning Activity -6 Atmosp! | 


= 


Visibility and Sky Color Summary Chart 


Make a mark or an *x" in the cell of the chart where each observation falls. 


Visibility/Sky Color Deep blue | Blue Light blue Pale blue Milky 


Unusually clear 


Clear 


Somewhat hazy 


Very hazy 


Extremely hazy 


` 


What do you notice about the pattern of observations? 


How can you explain this pattern? 
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Purpose 
Investigate the movement of the sun through 
the day and determine the time of local solar 


noon. 


Overview 

Students construct a sundial and use it to 
observe the movement of the sun through the 
sky over the course of a day by marking changes 
in the position of a shadow once each hour. 
Students determine the approximate time of 
solar noon at their school as indicated by the 
time of the shortest shadow. Students revisit the 
site on a subsequent day to estimate the time of 
day using their sundial. 


Student Outcomes 

Students will gain an understanding of the daily 

movement of the sun across the sky and 

experience conducting a set of simple, 

quantitative observations. 

Science Concepts 

Earth and Space Science 

The diurnal and seasonal motion of the sun 

across the sky can be observed and 
described. 

Geography 


The physical characteristics of a location 
depends on its latitude and relation to 
incident solar radiation. 


Scientific Inquiry Abilities 

Identify answerable questions. 

Design and conduct scientific 
investigations. 

Construct a scientific instrument. 

Develop explanations and predictions 
using evidence. 

Communicate results and explanations. 


Time 


Hourly measurements lasting 5 minutes during 
one sunny school day; 15 minutes to revisit 
the sundial on subsequent days; time for 
classroom discussion 


Level 
Primary and Middle 


Materials and Tools 
Wooden dowel or similar pole at least 50 
cm long 
Shadow markers (flags, rocks, sticks, nails, 
etc.) 
Meter stick 
Preparation 


None 


Prerequisites 


None 


Background 


ү Жыш noticed that when they arrive 
one side ordi € morning the sun is shining on 
от € school and when they leave in the 
dde oda aes on the other side. This 
the sky each ri the sun appears to travel across 

ay. 
Before the inventi 
Motion of the s 
making sundials, 


Vertical Objects, s 
Surface, Th 


on of clocks, people used this 
un to determine the time by 
Sundials are simply stationary 
uch as a pole, placed on a flat 
€ pole is known as agnomon (NO-mon) 


and the flat surface as a dial. As the sun travels 
through the sky, the length and position of the 
shadow cast on the dial by the gnomon change. 
The shadow is longest at sunrise and sunset and 
is shortest at local solar noon. 


In this activity students will make a sundial by 
marking the position of the shadow cast bya 
gnomon every hour for one school day. They will 
return to their dial on a subsequent day to see if 
they can predict the time of day from the sundial 


they made. 
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= Figure AT-SU-1 


ONES 


1. Select a day that will be sunny for at least 


f What To Do and How To Do It 


seven hours starting when school begins. 


2. Take the students outside to a relatively flat 


Spot on school grounds that will be out of 
the shadow of buildings and trees until the 
end of the school day. Place the pole in the 
ground making certain that it is 
perpendicular to the ground using a plumb 
bob (a piece of string with a weight on it) 
or a level. Measure and record the height 
from the ground to the top of the pole. 


mark the position of the shadows, Ask the 
students to place the marker on the ground 
at the end of the shadow and to record the 
time from their watches. 
4. The students should measure and Tecord the 
distance from the base of the gnomon to the 
end of the shadow in the table provided, 
(Optional: have the students measure the 
angle as well using a compass.) 
5. Have a few students visit the gnomon at least 
once an hour for the remainder of the school 
day. The students should measure the length 
of the shadow (and the optional angle), place 
a new numbered marker at the end of the 
shadow and record the time of day 
Ask the students to use the table to 
determine which marker is closest to the 
pole. This is the time of the shortest shadow 
and is the observation closest to solar noon. 
If you have the time, you could have the 
students take more frequent measurements 
around the time of this observation on the 
following day to get a better estimate of solar | 
noon. | 
7. Visit the sundial on another day in the same 
week. The students should bring their 
completed tables. Have the students look at 


D 


Figure AT-SU-3: 


3. Have the students put a #1 on the first 
object (rock, flag, etc.) they will use to 
Y Figure AT-SU-2: 
` ; 
\ SN 
Sun 


CJ Gnomon 
2c 
эс >с ms 
2c 
Ad 2 
= 
0 — 
Moor 
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the shadow being cast by the pole and Adaptations for Older Students 
d estimate from their tables what the time 
on their watches will be. Ask each student 
to write down his or her estimate. Have 
the students look at their watches to find 
out how close their estimates were. 


Older students can observe the changing angle of 
the sun above the horizon. By measuring the 
height of the gnomon and the distance from the 
top of the pole to the end of the shadow (the 
hypotenuse of the triangle), students can 
Questions determine the angle of the sun using simple 
geometry for similar triangles. Have the students 
add a column to the table and fill in the solar 
elevation angle for each time they placed a marker. 


1. What is the path of the sun as it moves 
across the sky? 


DIOE hepath of "den e = 7 When is the solar elevation the greatest? the 5 
Rp ur pattern > i is 2 edd Е smallest? Could they have predicted this from the c 
gnomon on the dial change during t e length oh he stie. 8 
year? (The answer could form the basis for = 
a hypothesis that the students could test a 
experimentally.) S 

5 

Date 


Description of Sundial Site 


Weather Conditions 


Height of the gnomon (pole) 


Marker # | Time Length of shadow Optional: Compass angle of 
cast by the gnomon the shadow 


TES 


\sanınny Sujuseay / 


Se 
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T 
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вв 
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Estimated time of solar noon 
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Purpose 


To introduce students to the concept of relative 
air mass and demonstrate how solar elevation 
angle affects the intensity of sunlight that 


teaches an observer on the ground. 


Overview 
Students work in teams to calculate relative 
| air mass using simple geometry. 


Student Outcomes 


Students understand the relationship of solar 
[^ elevation angle to relative air mass. 


| Science Concepts 
' Earth and Space Science 
—— Dynamic processes such as Earth's 


rotation influence energy transfer from 
the sun to Earth. 


| B hes Enrichment 


p path length of incident sunlight 

| through the atmosphere (relative air 

. mass) varies as a function of the solar 
elevation angle. 


Scientific Inquiry Abilities 


- Identify answerable questions. 

Use appropriate tools and techniques. 

Use appropriate mathematics to analyze 
data. 

Develop and construct models using 
“evidence. 


Communicate procedures and 
explanations. 


Time 


Morning elevation readings: 5 minutes each; 


sunny day is necessary 


Calculating air mass: 20 minutes 


Level 
Middle and Secondary 


Materials and Tools 


Meter stick and/or tape measure marked 
in centimeters 

Pole, at least 50 cm high, to be used as a 
solar gnomon (e.g. wooden dowel) 

Calculating Relative Air Mass Data Sheet 


Preparation 


None 


Prerequisites 
Making a Sundial (suggested for younger 
students) 
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Figure AT-AM-1 


Teacher Support 


Background 


Relative air mass is a ratio indicating the amount 
of atmosphere that light must pass through before 
reaching an observer on the ground. When the 
sun is directly overhead, sunlight passes through 
the least amount of atmosphere to reach the 
ground. This is defined as a relative air mass of 
1.0. In this case, the sun is 90° above the horizon. 
When the Sun is 30° above the horizon, sunlight 
passes through twice as much atmosphere to reach 
an observer on the ground, and the relative air 
mass is 2.0. Thus, the relative air mass is a function 
of the solar elevation angle. 


In the Aerosol Protocol, the amount (the intensity) 
of sunlight reaching the instrument depends on 
the amount of atmosphere between the instrument 
and the sun as well as the amount of aerosol in 
the atmosphere. So, the relative air mass you 
calculate in this activity is important for 
interpreting data obtained using the GLOBE sun 
photometer. In Looking At the Data for the Aerosol 
Protocol, the technique is given for calculating 


GLOBE* 2003 


Sun 


Atmosphere 


Observer on the Ground 


aerosol optical thickness from the voltage readings 
of the photometer. This calculation requires 
knowing the relative air mass at the time of 
Observation. 


In order to help students understand how the solar 
elevation angle affects relative air mass, make some 
Sketches on the board like those shown above or 
use an overhead projector to project the figure onto 
a board or wall. Invite students to use a meter 
Stick to measure the distance from the top of the 
atmosphere to the observer for solar elevation 
angles of 90, 45, and 30 degrees. The students 
should see that as the elevation angle of the sun 
decreases, the pathlength of sunlight through п 
atmosphere increases. Have the students find the 
Tatio of each pathlength to the 90 degree 
pathlength. These ratios are the e 
pathlengths through the atmosphere and are t 
Same as the relative air masses. 


Relative air mass can be calculated in the 1 
using the length of the shadow cast by а be 
pole. A pole used for this purpose is called a 0 | 
gnomon. In Figure AT-AM-2A, the pathleng 


Relative Air Mass Learning Activity - 2 


‘Atmosphere 


through the atmosphere (p) is a function of the 
elevation angle (е). The distance from the ground 
to the top of the atmosphere (d) may be assumed 
to be constant. 


As shown in Figure AT-AM-2B , sunlight shining 
on the solar gnomon casts a shadow creating a 
right triangle. The three sides of this triangle are: 
the height of the gnomon (h), the length of the 
poles shadow on the ground (r), and the 
hypotenuse (c). 


he solar elevation angle (Ze) is the same in the 
right triangles in both figures, making them similar 
riangles where the ratio of the hypotenuse to the 
side opposite Ze is the same in both cases. 
Therefore you can determine relative air mass (p/ 
d) by measuring the triangle formed by the solar 
gnomom and its shadow. 


There are several ways to find relative air mass 
depending on the mathematical sophistication of 
your students. If your students only know 
arithmetic, have them measure c directly as 
suggested in the steps below. 


Equation 1 Relative Air Mass = 


=|о 


If your students know a bit of geometry and 
understand square roots, then you can measure 
the length of the shadow (т) and the height of the 
gnomon (h), and: 


Equation 2 Relative Air Mass = ES 


If your students understand trigonometric 


functions, you can measure Ze, and: 


Equation 3 sin(e)=h/c 


Equation 4 Relative Air Mass = c/h = l/sin(e) 


Ask the studen 


s ts to speculate about how the 


cae alt mass will affect the intensity of the 
me Ps that an observer on the ground would 
; 26 Important concept for the students to 


understand is that the longer the pathlength, the 
less sunlight shines through. This happens even 
in a clear atmosphere, as students can see by 
observing that sunlight is not as strong near 
sunrise and sunset as it is at noontime. 


Also note that outside the tropics, the sun is never 
directly overhead and the relative air mass is 
always greater than one. 


Students may ask why the sun looks redder at 
sunrise and sunset than at noontime. Sunlight 
path through the atmosphere is longest at sunrise 
and sunset, so the number of gas molecules and 
particles that can scatter the sunlight is greatest 
at these times. The gases in the atmosphere scatter 
blue light more strongly than red light. At sunset, 
when the relative air mass is high, the orange and 
red color dominates because almost all the violet, 
blue, green, and yellow light has been scattered 
leaving only the red and orange hues 
(wavelengths). The relative amounts of different 
wavelengths in sunlight combined with the 
relative amount of scattering by gases in the 
atmosphere gives us our blue sky. During most of 
the day when we look at the sky and not at the 
sun, the light reaching our eyes is scattered 
sunlight, and blue is the predominant color. 
Aerosols in the sky tend to make the sky look 
less blue and more milky. 


What To Do and How To Do It 


1. Organize the class into working groups of 

three students per group. 

Select a day that is sunny. Unless your 

school is at relatively high latitude (higher 

than ~ 50° N or S), this activity is best 

done before mid morning or after mid 

afternoon. 

. Find a flat site outside that will not be 
shaded during the activity. Place a solar 
gnomon (wooden dowel or other straight 
object) at least 50 cm in height in the 
ground. Use a string with a weight on the 
end ora level to make sure that the pole is 
perpendicular to the ground. Measure the 
length of the gnomon above the ground 


е 
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Figure AT-AM-2B: Simple Model of Relative Air Mass 


Sun 


Solar Gnomon 


Solar Elevation Angle of 
The Earth’s Surface 


FB--—— o C M 


| 
Length of the Gnomon's Shadow 


ey 


and record it on the Calculating Relative 
Air Mass Work Sheet. Next, measure the 
distance from the top of the pole to the 
end of the shadow. This is the hypotenuse 
of the triangle. Use a tape measure or a 
string to measure the distance. Have the 
three students in each group do this 
reading independently and record the 
readings on the Calculating Relative Air 
Mass Work Sheet. 

4. Have students average the hypotenuse 
lengths. 


Deriving Relative Air Mass 


1. Calculate the relative air mass value for 
each of five days using Equations 1 or 2. 

. Ask students the following questions: 
How do you think the relative air mass 
readings might change if your readings 
were taken at different times throughout 
the day? How might relative air mass 
readings taken at the same time of the 
day, differ at different times of year? 


Variations for Older Students 


Have students measure and average the length of 
the shadow instead of the hypotenuse and 
calculate relative air mass using Equation 2. 


кә 


Have students measure the solar elevation angle 


and use Equations 3 and 4 to calculate relative 
air mass. 
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Calculating Relative Air Mass 


Data Sheet 


1. During a day that will be sunny in the morning, set up a solar gnomon outside. Work in 
groups of three and measure the height of the gnomon and length of the hypotenuse of the 
triangle formed by the solar gnomon and the shadow it casts using a meter stick, or if the 
shadow is very long, a tape measure. Have another member of your group help you by 
holding the meter stick or tape measure at the top of the pole while you read the length at the 
end of the shadow. Have each member of your group make these measurements. Record the 
name of the student in your group and each of your measurements in the table below. 


Student Local Universal Pole Height Hypotenuse 
Name Time Time (h) d Length (c) 


Average 


с 
15: Relative Air Mass = mt 


c 
Solar Elevation Eu / 


| r - 
Length of the Gnomon's Shadow 


Solar Gnomon 


P— — > ——-+| 


The Earth's Surface 
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calculating Relative Air Mass: Data Sheet 


c 


3. Calculate relative air mass (m) from the equation. m= s 


сү 
е 


4. How do you think the relative air mass reading might change if you took the measurement at 
different times throughout the day? 


5. How might relative air mass readings taken at the same time of the day, but during different 
Seasons differ? Explain. 
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Site Definition Sheet 
Clouds 1-Measurement Data Sheet 


Clouds 7-Measurement Data Sheet 
Integrated 1-Day Data Sheet 
Integrated 7-Day Data Sheet 
Aerosols Data Sheet 

Water Vapor Data Sheet 


Digital Max/Min Thermometer Calibration 
and Reset Data Sheet 


Digital Multi-Day Max/Min Data Sheet 
Surface Temperature Data Sheet 
Ozone Data Sheet 

Observing Cloud Type 

Glossary 
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Atmosphere Investigation 
Site Definition Sheet 


School Name: Class or Group Name: 


Name(s) of student(s) filling in Site Definition Sheet: 


Date: Check one: О New Site CJ Metadata Update 


Site name (give your site a unique name): 


Location: Latitude: "О. Мог05 Longitude: "DEoraw 


Elevation: __ meters 
Source of Location Data (check one): O GPS O Other 


Obstacles (Check опе): No obstacles O Obstacles (describe below) 
(Obstacles are trees, buildings, etc. that appear above 14° elevation when viewed from the site.) 


Description: 


Buildings within 10 meters of your instrument shelter (Check one): O No buildings O Buildings 
(describe below) 


Description: Photo Number and Orientation 


ОМЫН Henri usn [| 
0 
ОИ TERR 
[| 
= E ne a 


Other Site Data: 
Steepest Slope: Compass Angle (facing up slope): 
Height of the top of the rain gauge: cm 

Height of the sensor or bulb of your max/min thermometer: 


Height of the clip in your ozone measurement station: 


cm 


cm 
Surface Cover under instrument shelter 


O Short grass (< 10 cm) O Long grass 
O Other (describe below) 


Description: 


(Check one): 9 Pavement O Bare ground 
(© 10cm) Osand Roof (describe below) 


Overall comments on the site (metadata): 
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Clouds 1-Measurement Data Sheet 


School Name: 


Observer names: 


Date: Year. Month 


Day. Study Site: ATM- 


Local Time (hour:min): 
Cloud Type 


High (in the sky): 
(Check all types seen) 


Middle (of the sky): 
(Check all types seen) 


Low (in the Sky): 
(Check all types seen) 


Rain or Snow Producing 
Clouds: 


(Check all types seen) 


Universal Time (hour:min): 


Û Stratus 


Û Nimbostratus ' 


Û Altocumulus 


Q Stratocumulus 


О Cumulonimbus 


Q Cirrostratus 


О Cumulus 
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Atmosphere Investigation: Clouds 1-Measurement Data Sheet - Page 2 


Contrail Type (Record the number of each type observed) 


Short-lived Contrails 
How many do you see? 


Persistent Non-Spreading Contrails 
How many do you see? 


Persistent Spreading Contrails 
How many do you see? 


Three-quarters or More of the Sky is Visible: 


Cloud Cover (Check One) * К 


No Clouds Clear Isolated Scattered Broken Overcast 
O 0%-No Clouds 0 <10% Clouds 0 10-25% Clouds 0 25-50% Clouds O 25-50% Clouds O 59096 


Contrail Cover (Check one) 
U No Contrails (0%) 00-10% 0 10-25% О 25-50% Q >50% 


View of more than one-quarter or more of the sky is blocked: Obscured O Check here 


Why is the view of the sky blocked? (Check all that apply) 


«4, 


Û Blowing Snow Q Heavy Snow Û Heavy Rain U Fog 


Û Volcanic Ash 


Comments: 
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"rjouds 7-Measurement Data Sheet 


School Name 


Study Site: ATM- 


pay of the week 


5 


Date 


Local time (hour:min) 


= 


Universal time (hour:min) 


Observer names 


ue 


Cloud Type (Check all types seen) 


Cirrus 


i 


Cirrocumulus 


| 


HM 


Cirrostratus 


| 


Altostratus 


| 


о ооо 


Altocumulus 


Cumulus 


| 


24 


Nimbostratus 


ГТ 


Stratus 
3 Stratocumulus 


aja 


: 


Cumulonimbus 


QQQ/O/O/0O/O/;/0/o0/;/0 


alaj|ajajajalajajala 
üjajajajajajajalala 


a 


Contrail Type (Record the number 


of each type observed) 


оо оо оо оороо 


ооо ооа 


Short-lived 


ajalajajajajajajaja 


Persistent Non-Spreading 


| 
| 


Persistent Spreading 


H4- 


Cloud Cover (check one- if sky not obscured) 


No clouds (0%) 


iClear 0% - 10%) 


Isolated (10% - 25%) 


Scattered (25% - 50%) 


Broken (50% - 90%) 


Overcast (90% - 100%) 


üajajajajajala 


— 
ооо оода 


ооо оодоо 


Qjajajalajaja 
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Atmosphere Investigation: Clouds 7-Measurement Data Sheet - Page 2 


School Name 


Contrail Cover (Check one- if sky not obscured) 


None 


Study Site: ATM- 


0-1096 


10-2596 


25-5096 


25096 


шпаа 


ajajajaja 
ajajajaja 


ajajajaja 


arajajaja 


Fog 


If Sky Obscured (check all that apply) 


a 


ajajajaja 


Smoke 


|_ -— 


Haze 


Volcanic ash 


—- 
= 


Dust 


ajajaja 
ajajajaja 


li 
Sand 
Spray 


| 


Heavy rain 


Heavy snow 


| 


Blowing snow 


ajajajaja 
üjajajaja 


Comments: 
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Integrated 1-Day Data Sheet 


School Name: 


Observer names: 


Date: Year. Month Day. Study Site: ATM- 


Local Time (hour:min):________________ Universal Time (hour:min): 


Cloud Type (Check all types seen) 


High: O Cirrostratus О Cirrus O Cirrocumulus 
Middle: O Altostratus O Altocumulus 
Low: O Stratus O Stratocumulus © Cumulus 

Rain or Snow-Producing: O Nimbostratus O Cumulonimbus 


Contrail Type (Record the number of each type observed) 
Short-lived Persistent Non-Spreading Persistent Spreading — — 


Cloud Cover (Check one- if sky not obscured) 


О № Clouds O Clear O Isolated О Scattered O Broken O Overcast О Sky 
(0%) (0% - 10%) (10% - 25%) (2595-5095) (5095-909) (9095-1009) obscured 


Contrail Cover (check one- if sky not obscured) 
None 90-10% O 10-25% (325-5096 O >50% 


If Sky Obscured (check all that apply) 


OFog O Smoke O Haze O Volcanic ash О Dust O Sand О Spray О Heavy rain 
О Heavy snow g Blowing snow 


Barometric Station Pressure 


Barometric Pressure (mbar): О Sea Level Pressure О Station Pressure 


Local Time (Hour:Min)* 


Universal Time (Hour:Min)* 
* 
If different from other measurements 


Relative Humidity 
Dry bulb temperature* (°C): 


(note: Current air temp. and 


dry bulb temp. should be similar) 
Wet bulb temperature* (°C): 


ONE 
Sling Psychrometer only. 


Relative Humidity (%): 
GLOBE® 2003 
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Atmosphere Investigation: Integrated 1-Day Data Sheet - Page 2 


School Name Study Site: ATM- 


Rainfall 
Number of days rain has accumulated: 
Rainwater in rain gauge (mm)*: 


UH‏ > س 


‘Remember: enter 0.0 when there has been no rainfall. 
Record M for missing if there was rain and you weren't able to take an accurate reading. 
Record T for trace if the amount of rainfall is less than 0.5 mm. 


Snowfall 


Daily: Number of days snow has accumulated on the snowboard: 


Depth of new snow on the snowboard* (mm): 


Sample 1: Sample 2: sample». - "T 


Snow Pack: Total snow accumulation on the ground (mm): 


Sample 1: Sample 2: арры _ ë 5 


Rain equivalent of: 
1. New snow on the snow board (mm): 2. Total snowpack on the ground (mm): 


* Remember: Record 0 when there has been no snowfall. 
Record M for missing if there was snow and you weren't able to take an accurate reading. 
Record T for trace amount of snowfall (too small to measure). 


Precipitation pH 
Measurement method for pH: O paper О meter 


pH of the rain or melted snow: 


Sampled sms ETE Sample 2: Sample 3: Average: 
pH of the melted snow pack: 
Sample 1: Sample 2: Sample 3: Average: 


Maximum, Minimum, and Current Temperatures 


Current air temperature: CC) 
rcc ne ан 
Maximum daily air temperature: (°C) 
C UN oS 
DU E. T UR 
mpi e WTS. 
Maximum daily soil temperature: (*C)* 
==. ا و‎ 
cm 


perature measurements apply to those using a digital max/min thermometer 


Minimum daily air temperature: (*C) 


Current soil temperature: (°C)* 


Minimum daily soil temperature: (“С)* 


"Note: Daily soil tem 
with a soil probe, 


Comments (Unusual conditions): 


GLOBE* 2 
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“Integrated 7-Day Data Sheet 


School Name Study Site: ATM- 
Day of the week i [ 
Date + 1 
Local time (hour:min) 
Universal time (hour:min) | |. 
Observer names 
Cloud Type (Check all types seen) - 
Cirrus o 1 9 o o 9 al| o 
Cirrocumulus O g 9 g 9 9 o 
Cirrostratus O m) 9g Ї н) 9 ac m) 
Altostratus o 9 o o |в) m) [1 
Altocumulus 9 m) [ш] g o 0 9 
Cumulus 0 0 0 0 0 ЕЕ. 
Nimbostratus | 8 9 JJ A 3 a g lis) 
Stratus 9 9g g g m) o im 
©, | Stratocumulus o 9 a a g а a 
3 Cumulonimbus 9 o g [1 |». o 0 0 
=| == 
Contrail Type (Record the number of each type observed) 
Short-lived ait er Te 
[Persistent Non-Spreading 
Persistent Spreading | 
Cloud Cover (Check one- if sky not obscured) 
No clouds (0%) o 9 g g o 9 9 
Clear (0% - 10%) 9 0 o m] im] m] o 
Isolated (10% - 25%) a 0 a o mi o 3 
Scattered (25% - 50%) 9 8 q n п o o 
Broken (50% - 90%) 3 п a a a a n 
Overcast (90% - 100%) g 0 g | o g 9 0 
(Sky obscured g 4 8 a g ip o 
teal Cover (Check one- if sky not obscured) 
ИГ n» 0 m] | a o o o 
, 10-25% O o 0 g g g g 
55 o 0 0 o =! o 9 
0% 4 
>50% 0 2 o - В 5 z = 
8 а A I E ims 0 D 
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Atmosphere Investigation: Integrated 7-Day Data Sheet - Page 2 


School Name 


If Sky Obscured (Check all that apply) 


Fog g 


Study Site: ATM- 


a 


| Smoke 


Haze 


Ё 


|| 
i 


Volcanic ash 


оч ооо 


E 


1 


[= 
Dust 


f 


t 


| Sand 


: 


Spray 


|_| 


Heavy rain 


1 


Heavy snow 


[un 


жш ә ETE. E 


alajaunuajajalajaja 


Blowing snow 
=I En uli 


üajajajajaja'a 
pti 
ajajalaja 


| 


ajajalajajajajalala 


ajalajiajajajajalara 


ajajajajajajajajaja 


Barometric Pressure 


О Sea Level Pressure (О Station Pressure 


1 


Barometric Pressure (mbar) 
Local Time (Hour:Min)* 
Universal Time (Hour:Min)* 


* If different from other measurements 


Relative Humidity 


Dry bulb temperature 
(СС) - Sling Psychrometer| 


EL 


Wet bulb temperature 
(°C) - Sling Psychrometer| 


Relative humidity (96) 


Number of days rain 
has accumulated 


Rainwater in rain 
gauge (mm)* 


* Remember: Record 0.0 when there has been no rainfall. 
Record M for missing if there was rain and you weren't able 


Solid Precipitation 


Total snowpack on the ground: 


to take an accurate reading, 
Record T for trace if the amount of rainfall is less than 0.5 mm. : 


Depth sample 1 (mm) + 
a 


Depth sample 2 (mm) 


Depth sample 3 (mm) 
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Atmosphere In 


vestigation: Integrated 7-Day Data Sheet - Page 3 


Study Site: ATM- 


«School Name 


~ 


" golid Precipitation (continued) 


New snow on the snowboard: 


ae 


Number of days snow 
has accumulated on the 


T 


snowboard: 


Depth sample 1 (mm)* 


Depth sample 2 (mm)* 


Depth sample 3 (mm)* 


Е: 


ain Equivalent: 


Rain equivalent of new snow 
on the snowboard (mm) 


Rain equivalent of total snow- 
pack on the ground (mm) 


"Remember: Record 0 when there has been no snowfall. 
Record M for missing if there was snow and you weren't able to take an accurate reading. 
Record T for trace amount of snowfall (too small to measure). 


Precipitation pH 


Measurement method for pH: CJ paper 


O meter 


pH of the rain or melted snow: 
{PH sample 1 


pH sample 2 


pH sample 3 


Average 


pH of the melted snowpack: 


pH sample 1 


PH sample 2 


PH sample 3 


Average 


Current air 
[ Я 
mperature: (°С) 


1 


Maximum, Minimum, and Curren 


t Temperatures 


Maximum daily air 
temperature: (°C) 


Minimum daily air 
temperature: CO) 


Current soil 


temperature: "Cyr 
p— Stature: (C) 


Maximum daily soil 
“mperature: (o 


soil 


“mperature: CO* 


inimum dail Bs 


Note; Daily soi 


Add Comme 


t = i i 
Cmperature measurements apply to those using a digital max/min thermometer with a soil probe. 


nts on the back of this sheet: (Unusual conditions - date your comments) 
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Aerosols Data Sheet 


School Name Study Site: ATM- 


Date : 


س —" 


Observer names: 


For Satellite overflights on date of measurements: 


Satellite/instrument name: Time of overflight (UT): Max elevation angle (deg): 


Sun Photometer Instrument serial number: 


Case temperature before taking measurements (multiply voltage reading times 100). °C 


values for AOT, which you then record in the sixth column. If your sun photometer has a rotary switch witha‘? 
(case temperature) position, fill in 100 times the displayed value before and after your measurements, 


Measurement 
Number! 


Local Time? 
(hrs:min:sec) 


Universal 
Time? 
(hrs:min:sec) 


Maximum 

Voltage in 

Sunlight* 
(volts) 


Dark Voltage’ 
(volts) 


АОТ (cm) 


(green) 


(red) 


(green) 


(red) 


(green) 


(red) 


(green) 


(red) 


—{— 


uje IR [o [o [m [m de fe 


(green) 


| 


| 


5 (red) 


' At least three sets of Measurements are required. 


?Be careful when Converting local time to UT. 


Case temperature, after taking case measurements: (multiply voltage reading x 100): 


—IE 


nearest 15 seconds, using an accurately set timepiece. 


س 
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Atmosphere 


Fill in the second-fifth columns of this table and report your data to GLOBE. GLOBE will provide you with calculate 
| 


r 


€ 


d 


Atmosphere Investigation: Aerosols Data Sheet - Page 2 


School Name 


Cloud and contrail conditions (If sky not obscured, check the box for each cl 
or cloud or contrail cover amount.) 


observe and check one box 


Cloud Type (Check all types seen) 


Cirrus 


— 


Cirrostratus 


Cirrocumulus 


Altostratus 


Altocumulus 


Stratus 


Stratocumulus 


Cumulus 


Nimbostratus 


Cumulonimbus 


ajajajajajalajalaja 


each type observed) 


Contrail Type (Record the number of 


Short-lived 


Persistent Non-Spreading 


Study Site: ATM- 


oud or contrail type you 


Cloud Cover (check one- if sky not 


obscured) 


[No clouds (095) 


Clear (096 - 
Ner 


1096) 


Isolated (10 - 2596) 


| Scattered (25% - 50%) 


Broken (50% - 90%) 


Overcast (90% - 100%) 


Sky Obscured 


о ооо ооо 


obscured) 


Contrail Cover (Check one- if sky not 


None 


0-10% 


لھ 
10-25% 


25-50% 


Persistent Spreading 


Sky Conditions 


Check one box in each table, as appropriate. 


Sky conditions can be checked only if sky not obscured.) 


ü 


pee 


Sky Color Sky Clarity Sky Obscured by 
| Deep blue o Unusually clear О Fog a 
Blue 0 Clear 0 Smoke o 
Light blue g Somewhat hazy O Haze (m) 
Pale blue 9 Very hazy 0 Volcanic ah O 
Milky g Extremely hazy O Dust g 
Sand o 
Marine Spray O 
Strong rain a 
Strong snow O 
Blowing snow O 
GLOBE® 2003 Atmosphere 
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Atmosphere Investigation: Aerosols Data Sheet - Page 3 


School Name Study Site: ATM- 
cle lici ЙН ВИНИТ Ue SO т _._ ج‎ 


Current Air Temperature (obtained following GLOBE Protocol); °С 

Relative Humidity (obtained following GLOBE Protocol) 

Dry bulb temperature’ (C); — Wet bulb temperature’ (°C): 

"Sling Psychrometer only. (Note: Current air temperature and dry bulb temperature should be similar.) 
Relative Humidity (96): 

Barometric Pressure: mbar Û Sea Level Pressure O Station Pressure 

Select data source (check one): 
O Online or broadcast source 
О Aneroid barometer 


O Other barometer 


Comments: Describe conditions that could affect your measurements, such as urban smog, smoke 
from forest fires, blowing sand, or dust from agricultural activities. Also, include air temperature and 
relative humidity values that were obtained without following GLOBE protocols. 


س 
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" Water Vapor Data Sheet 


" School Name 


Date on which the measurements were taken: 


Study Site: ATM- 


> ڪڪ 


Observer names: 


For Satellite overflights on date of measurements (optional): 


Time of overflight (UT): 


Satellite/instrument name: 


Max elevation angle (deg): 


GLOBE/GIFTS Water Vapor Instrument serial number: 


Case temperature, before taking measurements: (multiply voltage reading x 100): 


"KE 


Fill in the second-fifth columns of this table and report your data to GLOBE. GLOBE will provide you with 
calculated values for Precipitable Water, which you then record in the sixth column. 


"At least three sets 
* Ideally, 
` Always Teport volta 
h Tather than LE 
Enter dark volt 
These values a 


i of measurements are required. 
time should be reported to the nearest 15 seconds, using an accurately set timepiece. 
ges with 3 digits to the right of the decimal point. For example, 1.773 


Case ( 
“mperature, after taking measurements: (multiply voltage reading x 100): 


Measurement | Local Time? Universal Maximum Dark Voltage? Precipitable 
Number! (hrs:min:sec) Time? Sunlight Voltage* (volts) Water 
(hrs:min:sec) Colts) (cm) 
| d = 2 
aT A 
| (IRI) 
и | "Eng = 
п | [ 
2 (IR2) 
ا ا ا‎ 
эщ) | 
3 (I2) 
4 | 
TUNE |= 
4 (IR) 
SS e > 
5 (IRI) | 
5 (I2) 
ee mue 


age in units of volts, not millivolts. For example, 0.003 V rather than 3 mV 
Te provided by the GLOBE database and calculated from your data. 
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Atmosphere Investigation: Water Vapor Data Sheet - Page 2 


Cloud Type (Check all types seen) Cloud Cover (Check one- if sky not 
Ci n» obscured) 
Arrus n 
i o No clouds (0%) o 
Cirrostratus T 
i Clear (096 - 1096) o 
Cirrocumulus 1 | ee 
Altostratus o Isolated (10 - 25%) O0 
— Scattered (25% - 50%) m) 
Altocumulus o TR 
Su a Broken (5096 - 9096) 0 
ratus 3 шш 
Stratocumulus n | Overcast (90% - 100%) O 
Sky Obscured 9 
| Cumulus g EM ky 
| Nimbostratus o 
Cumulonimbus n Contrail Cover (Check one- if sky not 
obscured) 
Contrail Type (Record the number of 
each type observed) 
Short-lived 
| Persistent Non-Spreading 


Persistent Spreading 


Sky Color Sky Clarity 


Deep blue 
Blue 
Light blue 


Sky Obscured (check the box for 
each observed phenomenon 


Fog 


Smoke 
Haze 


ооо 


Dust e 

am | 
Spray 8 | | 
Heavy ain. ——  — mr —— i 
Heavy snow o 4 | | 
E m or. ou 


GLOBE* 2003 
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Atmosphere Investigation: Water Vapor Data Sheet - Page 3 


Current Air Temperature (if obtained following GLOBE Protocol) je 

Relative Humidity (if obtained following GLOBE Protocol) 

Dry bulb temperature* (С) Wet bulb temperature* (°C): 

* Sling Psychrometer only. (Note: Current air temperature and dry bulb temperature should be similar) 


Relative Humidity (96): 


Barometric Pressure : _ mbar О Sea Level Pressure О Station Pressure 
Select data source (chech one): 

O Online or broadcast source 

O Aneroid barometer 


D Other barometer 


Comments: Describe conditions that might affect sky clarity, such as urban smog, smoke from forest 
fires, blowing sand, or dust from agricultural activities. Also, include air temperature and relative 
humidity values that were obtained without following GLOBE protocols. 
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Digital Max/Min Thermometer 
Calibration and Reset 


Data Sheet 


School Name: Study Site: ATM- m— cma 


Observer Names: 


Calibration 
Thermometer Readings 
Reading | Date Local UT Calibration Digital air Digital soil 
Number (Year/ Time Time thermometer sensor sensor 
Month/Day) | (Hour:Min) | (HourMim) | readings (°C) | readings (°C) | readings (°С) 
1 ali 
2 | 
3 
: | 
5 
Time of Reset 


Note: The thermometer should be re 


set only when it is first setup, after the battery is changed, or if 
the time of local solar noon drifts to 


more than one hour from your time of reset. 


Date: Year. Month Day 


Local time (Hour:Min) 


Universal time (Hour:Min) 


ss 


Was the reset due to a battery change? 
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Digital Max/Min Thermometer Calibration and Reset Data Sheet - Page 2 


Soil Sensor Error Check 


Local time (hour/min) ________ Universal time (hour/min) 
1. Soil probe thermometer from Soil Temperature Protocol readings (°C): 
a. reading #1(°C): 
. reading #2(°C): 
‚ reading 43CC): 


о o 


е. 


reading #4(°C): 
reading #5(°C): 


о 


total of the 5 readings (°С): 


кә 


‚ Digital soil sensor readings: 


а. reading #1( O): 


e 


reading #2(°C): 


о 


. reading #3(°C): 
d. reading #4(°C): 
е. reading #5(°C): 
total of the 5 readings(^C): 


y 


Average of the 5 soil probe thermometer readings C) 
[= the total of the five soil probe thermometer readings/5]: 


= 


Average of the 5 soil sensor readings(°C) 
[= the total of the five soil sensor readings/5]: 


[zi 


: Soil sensor error (°С) | = #4 — #3]: 


S 


If the absolute value of the soil sensor error (#5) is greater than or equal to 2° C, then dig-out 
the sensor and recalibrate both the air and soil sensor following the Digital Multi-Day Max/Min 
Thermometer Sensor Calibration Field Guide. If the absolute value of the soil sensor error that 
you calculate is less than 2° C then leave the soil sensor buried and proceed to recalibrate just 
the air sensor. 
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Digital Multi-Day Maximum/Minimum 


Thermometer 


Data Sheet 


School Name: Study Site: ATM- —— 


Observer Names: 


Date: Year Month Day 


Local time (hour:min).— Universal time (hour:min) 


Your Time of Reset in universal time (hour:min): 


Current Temperatures 
Air temperature (°C): 


Current soil temperature (*C): 


Maximum, Minimum Temperatures 
Do not read the thermometer within 5 minutes of your time of reset. 


Label on Digital Display Screen 
T 


| DI D2 D3 D4 D5 D6 

| li 
Maximum Air Temperature (*C) 

Tum INT 
Minimum Air Temperature (°C) 

18 7 

Maximum Soil Temperature СС) | 

+ ا 
Minimum Soil Temperature CO)‏ 

d "s 
If you are reading thermometer 
AFTER your time of reset, 
Correspond to 24-hour Two Three Four Five 
Period Ending: Today | Yesterday | days ago days ago | days ago | days ago 
If you are reading thermometer 
BEFORE your time of reset, 
Correspond to 24-hour Two Three Four. Five Six 
| Period Ending: Yesterday | days ago | days ago | days ago | days ago | days аво 
cab qu 
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[С surface Temperature Data Sheet 


School Name Study Site: ATM- 


Date: 
Observer names: 


Surface Temperature Supplemental Site Definition Data* 
* To be filled out the first time taking Surface Temperature Measurements at a particular site, or if one of 
the values below has changed. 

Homogenous Site Size (Meters) - Check One 


O =90x90 O =30x30 O < 30 X 30, specify size: X 
(Land Cover Sample Site) 


Cover Type – Check One 
(If you are at a Land Cover Sample Site then check only the last box) 
O Short Grass (less than 0.5 m in height) O Concrete 
О Tall Grass (0.5 m to 2 m in height) O Asphalt 
О Barren Land O Other 
O Shrubs O This is a Land Cover Sample Site 
O Dwarf Shrubs 


Manufacturer and model of IRT instrument used at this site: 


Cloud Type (Check all types seen) Cloud Cover (Check one- if sky not 
Cirrus 0 obscured) 

Cirrostratus an No clouds (096) m 
Cirrocumulus o Clear (0% - 10%) 9g 
Altostratus 0 Isolated (10 - 25%) g 
—- 5 Scattered (25% - 50%) 0 
Stratus o Broken (50% - 90%) 0 
Stratocumulus o Overcast (90% - 100%) a 
Cumulus 0 Sky Obscured 0 
Nimbostratus 0 

Cumulonimbus 0 Contrail Cover (Check one- if sky not 

obscured) 

Contrail Type (Record the number of None 8 
each type observed) 0-10% 0 
Short-lived 10-25% g 
Persistent Non-Spreading 25-50% g 
Persistent Spreading >50% J 
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Atmosphere Investigation Surface Temperature Data Sheet - Page 2 


School Name Study Site: ATM- 
choo 


“> SS 


If there is NO snow located on the ground anywhere in your Site, then check one. 


Sites Overall Surface Condition: O Wet O Dry 


"Record Snow Depth according to: 


* If there is NO snow at this Observation Spot, then record “0” (zero). 


* If there is snow LESS than ten millimeters in depth, then record the letter “T” 
* If there is snow GREATER than ten milli 
vertically into the snow at the s; 
that it penetrates all the Way to 


Comments: 


Surface Temperature 
i i Universal Surface Snow Depth 
Mets ve pee Time Temperature (mm)* 
Lu | (hrs:min:sec) | (c) 

[Ё 1 -J 

2 

4 

3 9 + | 

is [29 Чи | | 

5 
je jud ES 
= 6 ا‎ = 4 

f = — а! 

8 ~ [М 

9 | | 


meters in depth, then put your ruler or meter stick 
pot where you just took your surface temperature reading, so 
the ground. Read and record the snow depth in millimeters. 
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 Mmosphere Investigation 


“Jone Data Sheet 


Jd 
= 


School Name 


Study Site: ATM- 


Day of the week 


Date 


Observer names 


ozone Strip Exposed 


[ioc time (hour min) 


Universal time (hour:min) 


Wind direction (N, NE, 
E SE, 5, SW, W, NW) 


Use values reported on 
Atmosphere Data Entry for 
clouds, contrails, current 
temperature, and relative 
humidity (Check the box) 


Current temperature (°С) 


Dry bulb temperature 
(0) - Sling Psychrometer 


tt bulb temperature 
©) Sling Psychrometer 


Relative humidity (96) 


Ozone Strip Read 


Local time (hour:min) 


Universal time (hour:min) 


Ozone concentration * 


(parts per billion) 


Wind direction (N, NE, 


ESE $, SW, W, NW) 


Current temperature (°C) 


a bulb temperature 
) - Sling Psychrometer 


ke bulb temperature | 
© -Sling Psychrometer 


= humidity (%) 


ember: 
enter M if the chemical strip gets damaged by snow or rain, or the response of the chemical is marbled. 


Mments: 
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Atmosphere Investigation: Ozone Data Sheet - Page 2 


School Name 


Ozone Strip Exposed Cloud Data 


Study Site: ATM- - 


Day of the week 


Date 


Take cloud data from o o 9 0 1 o 

Atmosphere Data Work Sheet 

Cloud Type (Check all types seen) 

Cirrus [5 Е а, 0 0 5 0 

+ 

Cirrocumulus (ЕР LE MB T o ] 0 
Cirrostratus o а g 1 O0 e 9 0 
Altostratus o o 1 o o 0 0 
Altocumulus ЖЫЙ ТИЕШ g L O O o 9 g 
Cumulus mE [m] ЫШ Ды, 1 Te) 1 g g 

[Nimbostratus [ О O T |o О 0 g 

[Stratus 0 ШИ 0 SE 9 0 0 
Stratocumulus d o 0 Je mg 0 ag g mj 
Cumulonimbus g o «Tee 1 | m) g 0 0 

Contrail Type (Record the number of each type observed) 

Short-lived 
Persistent Non-Spreading 
Persistent Spreading 

Cloud Cover (Check one- if sky not obscured) 

[No clouds (0%) 0 o A o 0 
Clear (0% - 10%) + 3 4 0 | 0 
Isolated (10% - 25%) 4 п a 0 
Scattered (25% - 50%) 4 g n 0 
Broken (50% - 90%) п п 0 D 
Overcast (90% - 100%) 9 9 8 g 
Sky obscured FS 9 4 n 0 

o 0 g : 
a 0 g 2 
a g g @ 
g g g 3 
0 0 g 
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mosphere Invest 


tigation: Ozone Data Sheet - Page 3 


Study Site: ATM- 


Shool Name 
Re 


| [7 Obscured (Check all that apply) 


8 


Fog 
Smoke i 


I 


1:71) 


Haze. 


ل 


Dust 
Sand 


| 


| 


| 


Spray 


„ЕВ 


- 


f (Heavy rain 


} Heavy snow 


Blowing snow 


оо оо ооо ооо 


Ozone Strip Read Cloud Data 


üjajajalia'alalajaja 


ajalajialajajajajala 


ajajajalajajajajaría 


üujajajajajalalalaja 


| 


a'aj|ajajajajajajala 


ERE TEE EE RE 


Day of the week 


Date. 


TH 


loud Type (Check all 


types seen) 


IB 


Cirrus 


| 


Cirrocumulus 


Cirrostratus 


— 


н 


Altostratus 


E 


Altocumulus 


— 


Cumulus 


Nimbostratus 


L 


= 


Stratus 


Stratocumulus 


Cumulonimbus 


Contrail Type 


Qjajajajalarajajaja 


üjajajajajajajajaja 


ajajajalajaja ajala 


о ооо ооојојо 


оо оо ajajajaja 


оо оооооооро 


ооо ооо шпаа а 


Sol (Record the number of each type observed) 


Persistent Non-Spreading 


t= 


Persisten 


; 


maz aic sic 
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School Name 


Cloud Cover (Check one- if sky not obscured) 


Study Site: ATM- 


No clouds (0%) 9 o m] g O а] ТЕЗ 
Clear (096 - 10%) 0 9 п m) o g 7 
Isolated (10% - 25%) O0 g a g (m) g 8 
Scattered (25%-50%) | OF | o 0 0 0 9 3 

[Broken (50%-90%) | OF | п 0 п 0 0 B 

| Overcast (00% - eue gets 0 0 0 0 5 

| Sky obscured g Ba o 5 o im] o 
Contrail Cover (Check one- if sky not obscured) 

[None TES 0 MTN 0 o UE 
0-10% g g 0 (m) 9 9g Dna 
10-2596 m] m) 0 a 9 9 g 
25-5096 5 im] aj m) m) [ш] 0 3 
>50% o o g o 9 o 0 

If Sky Obscured (check all that apply) 

СЫЛ a vo m اد‎ 
Smoke Veo es ers eni Fa es fs п п 1 8 | 

ESSE NUI япса ЕНГЕ gape E ааг. n - = 
Haze o 0 0 o л J 0 
Volcanic ash o o 9 J = 9 me 
Dust 0 0 9 9 п J 3 
Sand 0 0 o п 4 4 0 
Ѕргау Tl 8 ЙТ? ra spe Em 3 5 в a8 
Heavy rain o ПОТ (ah A ^ GET 5 = g 

pes ie Л |» E 

es oe л |o [o 3 
ЕЖЕ DEG КИ ЕП praeses сен ү шу NN A 

і. 
GLOBE" 2003 Кас ая 


Å 


observing Cloud Type 


There are five descriptive terms for the various types of clouds: 
CIRRO or high clouds 
ALTO or middle clouds 
CUMULUS or white puffy clouds 
STRATUS or layered clouds 
NIMBUS or clouds from which precipitation is falling 


The following ten types of clouds, named using the above terms, are to be used when reportin; 
the cloud type for your area: Р 


High Clouds 


Cirrus 

These clouds look like white delicate 
feathers. They are generally white wispy 
forms. They contain ice crystals. 


Cirrocumulus 

These clouds are thin white layers with a 
texture giving them the look of patches of 
cotton or ripples without shadows. They 
contain primarily ice crystals and perhaps 
some very cold water droplets. 


GLOBE® 2003 
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Cirrostratus 


These clouds are a thin, almost transparent, 
whitish layer made up of ice crystals. They 
may totally or partly cover the sky and can 
create a halo appearance around the sun. 


Contrails 


Short-lived Contrail 


Note the short line of cloud above the lightpole. 
The airplane is barely visible in this photo but is 
at the front of the contrail 


Persistent Contrails 


Theseare very distinct contrails, and show a range 
from persistent non-spreading on the right to 
persistent spreading on the left. The most likely 
explanation for this photo is that all three airplanes 
followed about the same path, but that the winds 
high in the atmosphere are blowing from right to 
left, moving the older contrails to the left. The 
spreading of the left-most contrail indicates there 
is a fair amount of water vapor in the upper 
atmosphere. 
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Persistent, Spreading Contrails 

This photo shows persistent, spreading contrails 
in an area of high air traffic. As above, it is likely 
that the planes are mostly following a similar 
path, but the contrails are being spread out by 
the wind. Note that all the contrails in this photo 
appear as wide or wider than those above, 
indicating that the presence of abundant water 
vapor in the atmosphere is allowing the contrails 
to spread. Also note the cloud near the middle 
of the photo, which looks like a regular cirrus 
cloud, but whose position makes it likely that 
this cloud actually originated from a contrail. 


Middle Clouds 


Altostratus 

These clouds form a bluish or grayish veil that 
totally or partially covers the sky. The light of the 
sun can be seen through them but there is no 
halo effect. 


Altocumulus 

These clouds look like waves of the sea with 
white and gray coloring and shadows. They 
contain mostly water droplets and perhaps 
some ice crystals. 
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Low Clouds 
Stratus 


These clouds are gray and lie very close to the 
surface of the Earth. They usually look like a sheet 
layer but sometimes are found in patches. They 
rarely produce precipitation. 


Stratocumulus 


These clouds are a gray or whitish color, The bases 
of these clouds tend to be more round than flat. 
They can be formed from old stratus clouds or 
from cumulus clouds that are spreading out. Their 
tops also tend to be mostly flat. 


Nimbostratus 


This is a very dark and gray-colored cloud layer 
that blots out the light of the sun. It is massive 
and has a continuous fall of precipitation. 
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Cumulus 


These clouds have a flat base and a dense, mound- 
shaped top that resembles a large cauliflower. 
Where the sun hits these clouds they are a brilliant 
white. The base tends to be a darker gray. They 
generally do not produce precipitation. 


Cumulonimbus 

These are large, heavy, and dense clouds. They 
have a generally flat, dark surface with very tall 
and large tops like the shape of a massive 
mountain or anvil. These clouds are often 
associated with lightning, thunder and sometimes 
hail. They may also produce tornados. 
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Absolute Zero 
The theoretical temperature at which 


matter has the least energy; the limit of 
how cold matter can get. If substances 
could be cooled to absolute zero they 
would not emit any electromagnetic 
radiation. 

Absorption 
Radiation retained by an object and 
converted to other forms of energy 

Acid Rain 
Rain having a pH lower than 5.6, the pH 
of water in equilibrium with the current 
concentration of carbon dioxide in the air 

Aerosols 
Liquid or solid particles suspended in the 
atmosphere. Their sizes generally have 
linear dimensions in the range of 
100-1000 nanometers (nm). 

Air Mass 
A large volume of air (often covering 
thousands of square kilometers) with 
temperature and humidity characteristics 
that vary little horizontally 

Albedo 
The percentage of incoming radiation 
(usually visible light) reflected back to 
space from a planet or object, its surface, 
or its cloud layers 

Altimeter 
A barometer, normalized to standard 
Pressure, temperature and density, used to 
Measure altitude by measuring 
atmospheric pressure. Altitude is 
determined by assuming all changes in 
Pressure are due to a change in height 
relative to sea level. Altimeters are adapted 
to work over wide ranges of height above 
sea level and used in GLOBE to measure 


barometric pressure at elevations above 
500 meters. 
Ambient Air 


Air that is moving freely and not part of a 
Specific perturbation to the surrounding 
atmosphere (e.g., not part of an exhaust 
plume, not smoke from a fire, not a dust 
cloud blown off a field) 


at 


Atmospheric Greenhouse Effect 
Warming of a planet by the atmospheric 
absorption and re-emission of infrared 
radiation emitted from the surface of the 
planet by various gases in the atmosphere 
(i.e., greenhouse gases) 

Barometer 
An instrument used to measure 
atmospheric pressure 

Biological Diversity (biodiversity) 
The variety of life in all its forms, levels 
and combinations that coexist in an 
ecosystem. At different scales this includes 
ecosystem diversity, species diversity, and 
genetic diversity. The degree of 
biodiversity is often used as an indicator of 
the health of the environment. 

Blowing Dust 
Dust (soil particles smaller than sand) 
suspended in the air that reduces visibility, 
or obscures part or all of the sky 

Blowing Sand 
Sand suspended in the air that reduces 
visibility, or obscures part or all of the sky 

Blowing Snow 
Snow from the ground that the wind 
blows into the air that reduces visibility, or 
obscures part or all of the sky 

Carbon Monoxide 
Chemical compound of one oxygen atom 
and one carbon atom primarily produced 
as product of incomplete combustion 
(chemical symbol: CO) 

Ceiling 
The height of the base of the cloud layer 
that covers more than 50% of the sky 

Ceilometer 
An instrument used to determine the 
height of the cloud base, which helps to 
indicates cloud type 

Celsius Scale 
A temperature scale invented in 1742 by 
Swedish astronomer Anders Celsius. This 
scale defines the melting point of water ice 
as 0° С, and the boiling point of water as 
100° С. Because of the 100-degree interval 
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between these two points, this scale is 
sometimes called the *centigrade scale". 

Chemical Test Strip 
A piece of paper treated with special 
chemicals that show a color change when 
exposed to ozone 

Cirriform 
A cloud type formed of ice crystals at 
high altitudes (greater than 6 km above 
sea level) 

Climate 
Weather at a locality averaged over some 
time period, plus extremes in weather 
behavior during a time period 

Cloud Cover 
The percent of the sky covered by clouds 

Compounds 
Chemicals made of atoms from two or 
more elements 

Concentration 
The number of molecules of a Specific 
gas in a unit volume relative to the sum 
of all the molecules in that volume, often 
reported as parts per million (ppm) or 
parts per billion (ppb) 

Condensation 
The change of phase of a substance from 
à vapor to a liquid. The process of 
condensation releases energy; this energy 
is known as latent heat 

Conduction 
The transfer of heat through collisions of 
the individual constituents of a substance 
(e.g., molecules, atoms) without the 
Systematic movement of groups of these 
constituents. For example, if one end of a 
metal rod is heated, the heat will be 
conducted the length of the rod so that 
the other end will also increase in 
temperature. Conduction can occur in 
solids, liquids, or gases (but is generally 
most efficient in solids), 

Convection 
The transfer of heat by mass flow, that is, 
large scale motion within a liquid or a gas 
of groups of constituents (e.g. molecules, 
atoms) that are relatively warmer or 
cooler than their surroundings. In the 
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atmosphere convection mostly refers to 
vertical motions brought about by warm 
air rising and cooler air sinking. 

Cumuliform 
A cloud type that is heaped, puffy, banded, 
or otherwise is characterized by rounded 
features particularly on the top and sides 

Density (D) 
The ratio of the mass (M) of a substance to 
its volume (V) (D = M/V) 

Deposition 
The process by which water vapor turns 
directly into ice on a surface without 
passing through the liquid phase 

Dew Point Temperature 
The temperature at which the water vapor 
begins to condense in air cooled at 
constant pressure. Dew Point Temperature 
is a measure of the amount of water vapor 
in air. 

Diffuse Insolation 
Solar radiation that reaches Earth's surface 
by being scattered or reflected by 
components of Earth's atmosphere (such 
as gases, clouds and aerosols) 

Direct Insolation 
Solar radiation that reaches Earths surface 
by passing directly through the 
atmosphere without interacting with the 
components of Earths atmosphere 

Diurnal Cycle 
Refers to the 24 hours of the day, and 
sometimes the changes that occur over 
that 24-hour time period 

Drizzle 
Slow falling liquid precipitation made up 
of droplets with diameters between 0.2 
and 0.5 mm. Drizzle reduces visibility 
more than light rain because of the large 
numbers of very small drops 

Dry Bulb Temperature 
The temperature on one of two 
thermometers on a sling psychrometer; 
this temperature corresponds to the bulb 
Which does not contain the water 
saturated wick 
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Ecosystem 
A community of different species 


interacting with one another and with the 
chemical and physical factors making up 
their surroundings 

El Nifio 
El Niño refers to a prolonged significant 
warming of surface waters in the central 
and eastern tropical Pacific Ocean and 
generally to the phenomena that 
accompany this warming. 

Electromagnetic (EM) Radiation 
Energy waves produced by oscillating or 
accelerating electric charges. EM waves 
have both electric and magnetic 
components. Unlike conduction and 
convection, EM waves do not need media 
like solids, liquids, or gases in order to 
transfer energy. Electromagnetic radiation 
can be arranged in a spectrum from very 
energetic short wavelengths (gamma rays, 
X-rays), to less energetic, very long 
wavelengths (microwaves and radio 
waves). Visible light is a small part of the 
electromagnetic spectrum that human eyes 
can see. 

Elevation Angle 
The angular distance between the horizon 
and an object in the sky, such as the sun. 


The zenith angle is 90° minus the elevation 
angle. 


Evaporation 
The phase change of a substance from a 
liquid to a gas 
Evapotranspiration 
The transfer and transformation of liquid 
water from soil to air by the combined 
Processes of evaporation and transpiration 
by vegetation 
Fahrenheit Scale 
A temperature scale invented by the 18th 
Century German physicist Daniel Gabriel 
Fahrenheit, This scale defines the melting 
Point of water ice as 32°F and the boiling 
Point of water as 212°Е The United States 
is the only major country in the world still 
Commonly using the Fahrenheit scale. 


Fog 


A ; , 
cloud in contact with Earths surface 


Force (F) 
a push or pull 

Freezing 
The process of water changing phase from 
liquid to solid (ice) 

Freezing Rain and Freezing Drizzle 

Supercooled water drops that freeze when 

they come in contact with cold surfaces 

Front 
The narrow transition region between two 
distinct air masses. A front is a region of 
changing wind direction, changing surface 
air pressure, and often results in the 
development of clouds and precipitation. 

Frost 
The deposition of ice from water vapor in 
the atmosphere directly onto surfaces such 
as grass or windows 

Geostationary 
An object in orbit around Earth that stays 
above a certain location on the planet; the 
object is generally located directly above 
the Equator at a fixed longitude. 

Greenhouse Gas 
Any gas that causes heat to be retained in 
the atmosphere and thereby causes the 
average temperature of the atmosphere to 
increase. Greenhouse gases are strong 
absorbers of infrared radiation. Examples 
of significant greenhouse gases are water 
vapor, carbon dioxide, nitrous oxide, 
methane, and chlorofluorocarbons. 

Gravity 
The force of attraction among all matter 
(e.g., gravity pulls each of us toward 
Earth’s center) 

Greenwich Mean Time (GMT) 
The same reference time as Universal Time 
(UT); the time at 0 degrees longitude (the 
prime meridian) that passes through 
Greenwich, England 

Hail (also known as Hailstones) 
Precipitation in the form of irregular balls 
of ice ranging in size from about 2 mm to 
13 cm in diameter. The largest hailstones 
can only form in the most violent 
thunderstorms that have extremely strong 
updrafts (upward moving air). 
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Halo 
The optical phenomenon caused when 
sunlight or moonlight is refracted through 
ice crystals, splitting the visible beam into 
its distinct colors. This occurs only with 
cirrostratus or thick cirrus clouds. 

Haze 
The reduction of visibility by aerosols in 
the atmosphere. Haze may cause the sky 
to appear milky white to yellowish, 
reddish, or brown, depending on whether 
the aerosol is wet or dry and depending 
on the size and nature of the particles 
which scatter the light. 

Heat 
The total energy of motion of all of the 
atoms and molecules that make upa 
substance 

Heavy Rain 
Rain falling at such a great rate (greater 
than 7.5 mm/hr) that it reduces visibility 
and obscures the view of the sky 

Heavy Snow 
Falling snow that reduces visibility to less 
than 400 meters and obscures the view of 
the sky 

Hydrocarbons 
Compounds composed primarily of 
carbon and hydrogen atoms. Gaseous 
hydrocarbons occur in the atmosphere, 
(e.g., the compounds in natural gas, 
chemical species given off naturally by 
plants, and compounds that result from 
by-products of the combustion process), 

Hydrologic Cycle 
The continuous flow of water through the 
Earth system. The hydrologic cycle is 
composed of reservoirs of water (such as 
ice caps, oceans, atmospheric humidity, 
and aquifers) and fluxes or flows of water 
(such as evaporation, Precipitation, river 
flow, and iceberg calving), 

Hygrometer 
An instrument used to measure the 
relative humidity of air 

Ice Pellets 
Same as sleet 
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Infrared radiation 
Light (electromagnetic radiation) with 
wavelengths ranging from just longer than 
visible light (0.7 micrometers) to just 
shorter than microwaves or radio Waves 
(1000 micrometers). The amount of light 
thermally emitted by Earth’s surface and 
lower atmosphere peaks at wavelengths 
near 10 micrometers, and light in this 
portion of the infrared wavelength Tange is 
often referred to as thermal infrared. 

In situ 
In place. Most of the atmospheric 
measurements in GLOBE, such as 
temperature and ozone, are taken in situ; 
however, many of these quantities can also 
be measured remotely through the use of 
special satellites. 

Insolation 
Incoming solar radiation 

Interplanetary Medium 
The space between the planets that 
contains electromagnetic radiation, electric 
and magnetic fields, ionized gas, neutral 
atoms, and microscopic dust particles. The 
characteristics of interplanetary space are 
primarily influenced by the sun and not 
by individual planets. 

Inverse Relationship 
When two variables are related to each 
other in an opposite way; for example, as 
one increases, the other decreases 
(e.g. x = 1/у) 

Isobars 
Lines on a map connecting points of equal 
Pressure 

Isotherms 
Lines on a map connecting points of equal 
temperature 

Kelvin Scale 
A temperature scale named for British 
Physicist William Thomson Kelvin who 
Proposed it in 1848. One Kelvin degree is 
equivalent to one Celsius degree. 
However, zero on the Kelvin scale is 
defined to be the temperature at which 
molecular energy is a minimum, also 
called “absolute zero". The convention 
When writing temperatures in the Kelvin 
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scale is to just use the letter K, omitting 
the degree symbol. Zero on the Kelvin 
scale corresponds to approximately 
213°C: 

La Niña 
A period of anomalous cooling of sea- 
surface temperatures in the central and 
eastern tropical Pacific Ocean 

Latent heat 
The heat used or released when water 
changes phase between solid, liquid, and 
gas 

Melting 
The process of a substance changing phase 
from solid to liquid 

Mesosphere 
The third layer of the atmosphere above 
Earth’s surface, generally found between 
altitudes of 50 km and 80 85 km and 
characterized by temperature decreasing 
with altitude 

Millibar 
A unit of barometric pressure equivalent to 
one one-thousandth of a bar and 
equivalent to a hectopascal 

Mixing Ratio 
A scientific term often used synonymously 
with concentration. One example is the 
mass of water vapor in a sample of air 
divided by the total mass of air in the 
sample 

Nitrogen Oxides 
The family of compounds comprised of 
one or more nitrogen atoms and one or 
More oxygen atoms. Nitric oxide (NO) 
and Nitrogen dioxide (NO,) are both 
Primarily products of combustion whereas 
nitrous oxide (N,O) is a primarily product 

of microbial activity in soils. 

Optical thickness (also optical depth) 
А measure of how much particles 
(aerosols) and gas molecules (air) impede 
the transmission of light through a gas at a 
Specific wavelength. At an optical depth of 
one, the incoming light is attenuated to 

Ve in intensity. 

Ozone 
A highly reactive gas composed of 3 
oxygen atoms that exists in varying 


amounts in the troposphere and 
stratosphere. Ozone is found naturally in 
the atmosphere as a result of breaking 
apart oxygen molecules (O,) into two 
oxygen atoms that combine with 
molecules of oxygen to form ozone (O)). 

Ozone Layer 
The layer of the atmosphere in the 
stratosphere and lower mesosphere that 
absorbs most incoming ultraviolet 
radiation 

Ozone Optical Scanner 
An instrument used іп GLOBES ozone 
protocol that measures the color change 
on the chemical test strips and interprets 
this change as an ozone concentration in 
units of ppb 

Pascal 
The unit of pressure equivalent to 1 
Newton/meter-squared. 100 pascals equals 
one hectopascal which is a standard 
pressure unit used in GLOBE 

pH Scale 
The system used to specify the range of 
acidity or alkalinity of substances. On this 
scale, a substance with a pH of 7 is 
neutral. Substances with pH less than 7 
are acidic; substances with pH greater than 
7 are alkaline (or basic). 

Phase Change 
The change in a substance from one phase 
to another. Substances (elements and 
compounds) generally exist in one of three 
phases solid, liquid, and gas; For example, 
water vapor (gas) condensing into water 
(liquid). Substances undergoing phase 
changes take up or give off heat without 
changing temperature. (See Latent Heat) 

Photolysis 
The break-up of an atmospheric 
compound by light. For example, when 
ozone (O,) is formed in the atmosphere, it 
can be split into atomic oxygen (O) and 
molecular oxygen (O,) by ultraviolet 
sunlight. 

Polar-Orbiting Satellite 
An artificial satellite (spacecraft that orbits 
Earth) passing near or over the poles. This 
term usually refers to satellites in near- 
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polar orbits that are designed so that their 
orbital plane maintains a constant angle 
(on average) with the line between the sun 
and Earth. These are called sun- 
synchronous satellites. 

Pollutant 
À trace gas or aerosol that contaminates 
the air 

ppb 
Parts per billion, a unit of measure of 
atmospheric trace gas concentration or 
mixing ratio; sometimes denoted ppbv 
(parts per billion by volume), which is 
how trace gas mixing ratios are normally 
defined. 

Precipitable Water Vapor 
The depth of a planet-wide layer of liquid 
water that would be formed if all the water 
vapor in a column of atmosphere were 
condensed onto Earth’s surface. On 
average, the atmosphere contains about 2 
centimeters of precipitable water vapor. 

Precipitation 
Water in solid or liquid form that falls to 
Earths surface from the atmosphere 

Precursor 
A chemical necessary to reactions that 
form other compounds (e.g., nitric oxide 
is a precursor of ozone in the near-surface 
atmosphere) 

Pressure 
Force per unit area; for the atmosphere, it 
may be thought of as the weight of the 
column of air above a given area. 

Radiation 
See "Electromagnetic Radiation". 

Rayleigh scattering 
Scattering of sunlight by molecules in the 
atmosphere, named after the 19th century 
British physicist John William Strutt, the 
third Baron Rayleigh. 

Reactive Chemicals 
Chemicals that will undergo chemical 
Teactions in the atmosphere 

Reflection 
The process by which radiation incident 
upon an object is directed at some fixed 
angle away from that object 
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Relative Air Mass 
The ratio of the amount of atmosphere 
between an observer and the sun relative 
to the amount of atmosphere directly 
overhead. Relative air mass is directly 
related to solar elevation angle. 

Relative Humidity 
A measure of the amount of water vapor in 
a sample of air compared to the amount 
contained in an air sample at the same 
pressure and temperature saturated with 
water vapor 

Satellite 
An object in orbit around a larger celestial 
body 

Scattering 
The process by which radiation interacting 
with a substance is deflected in all 
directions 

Sea Level Pressure 
Atmospheric pressure adjusted to the 
value that would be measured if the 
measurement location were at sea level 

Sea Spray 
Aerosols blown off the surface of a salt 
water body under windy conditions, 
which may produce obstructions to 
visibility 

Seasonal Cycle 
A periodic change in a variable that occurs 
in tandem with Earth's seasons 

Sensible Heat 
The heat associated with a change in 
temperature of a substance as distinct 
from the heat associated with a phase 
change 

Shower 
A type of precipitation event that is 
typically of short duration, or occurs with 
frequent changes of intensity 

Sleet 
Precipitation that at some point is in liquid 
form, but freezes before reaching the 
ground 

Sling Psychrometer 
A device consisting of two thermometers, 
one of which has a dry bulb and the other 
of which has a bulb that is kept wet. The 
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difference between the wet and dry bulb 
temperatures is used to calculate relative 
humidity. 
Smog 
Air that contains a sufficient combination 
of aerosols from water and combustion to 
be visible. Aerosols in smog may be 
produced indirectly by reactions among 
the gases present in combustion exhaust. 
Smog originated as a term combining the 
words smoke and fog and may reduce 
visibility in a similar way. 
Smoke 
Air containing sufficient aerosols produced 
by combustion to be visible, which may 
reduce visibility or obstruct views of the 
sky 
Solar Noon 
The time at which the sun is at its highest 
point in the sky (zenith) during a day 
Specific Heat 
The amount of heat required to raise the 
temperature of 1 gram of a substance by 
4C 
Squall 
An intense or violent shower accompanied 
by strong, gusty winds 
Station Pressure 
The true atmospheric pressure, 
uncorrected to standard conditions at sea 
level. Weather reports generally give 
barometric pressure corrected to sea level, 
Dot station pressure. 
Stratiform 
А cloud comprised of a single or multiple 
norizontal layers; there is very little 
discernible structure to clouds of this type. 
Stratosphere 
The second layer of the atmosphere above 
Earth's surface, generally characterized by 
temperature increasing with altitude. The 
Stratosphere begins at altitudes ranging 
from about 8 km in the polar regions to 
618 km in the tropics and extends to 
altitudes of about 50 km where there is a 
local maximum in atmospheric 
temperature. The stratosphere contains 


Most of the ozone found in the 
atmosphere. 


Sublimation 
The transition of a substance directly from 
the solid phase to the gas phase 

Sun Photometer 
An instrument that measures the intensity 
of sunlight transmitted through the 
atmosphere within a narrow wavelength 
range 

Supercooled Water 
Water with a temperature that is below its 
freezing point but still in liquid form 

Temperature 
A measure of the average energy of motion 
of all the atoms and molecules that make 
up a substance 

Temperature Inversion 
An increase in temperature with height in 
the troposphere, usually associated with a 
very stable air mass. Normally, 
temperature in the troposphere increases 
with height. When and where temperature 
increases with height, vertical mixing of 
the atmosphere is greatly decreased. This 
leads to the trapping of aerosols and trace 
gases from the surface being contained in 
the air near the surface. It also causes the 
atmosphere to be stratified in horizontal 
layers in the stratosphere, hence the name 
of this atmospheric layer. 

Thermosphere 
The fourth layer of the atmosphere above 
Earth’s surface. In the thermosphere, 
temperature increases greatly, ion 
concentrations become significant, and the 
dynamics of the atmosphere is virtually 
independent of the forces and phenomena 
associated with Earth’s surface and lower 
atmosphere. Most of the ionosphere is 
contained within the thermosphere and 
above the thermosphere is interplanetary 
space. 

Thunderstorm 
A cumulonimbus cloud or family of 
cumulonimbus clouds that produce 
lightning, and therefore, thunder. 
Thunderstorms are not always 
accompanied by precipitation reaching the 
ground. 
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Trace Gas 
Gases present in the atmosphere in very 
small quantities, always less than one- 
tenth of one percent 
Transpiration 
The process by which water vapor escapes 
into the atmosphere through open stomata 
on plant leaf surfaces 
Tropical Cyclone 
A low pressure system found in tropical 
latitudes which may develop into a 
tropical storm, hurricane, and other 
similarly intense storm 
Troposphere 
The lowest layer of the atmosphere where 
almost all weather occurs. The 
troposphere contains about 8096 of the 
atmospheres mass and is characterized by 
temperatures that normally decrease with 
altitude. The boundary of the troposphere 
and the stratosphere depends on latitude 
and season. It ranges from as low as 8 km 
over the poles to as high as 16-18 km in 
the tropics. 
Ultraviolet 
A part of the electromagnetic spectrum 
that is more energetic, and of shorter 
wavelengths than visible light; usually 
defined as radiation with wavelengths of 
0.1 - 0.38 micrometers. 
Universal Time (UT) 
The time at 0 degrees longitude (the prime 
meridian); UT is the currently preferred 
term for this reference time, which is the 
same as GMT. 
Visibility 
The distance over Which an observer can 
see and Clearly identify an Object 
Visible Radiation 
Light with wavelengths between about 
0.38 and 0.7 micrometers that may be 
seen by humans. The sun emits its peak 
amount of energy in the visible portion of 
the electromagnetic spectrum, 
Volcanic Ash 
Small particles of minerals, rock and glass 
fragments ejected from volcanic eruptions, 
As aerosols they may reduce visibility or 
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obscure a view of the sky. These Particles 
often produce spectacular light scattering 
effects including colorful sunsets. 
Water Cycle 
See Hydrologic Cycle. 
Water Vapor 
The colorless, odorless, invisible, gaseous 
form of water in the atmosphere 
Wavelength (of light) 
A property of light that is inversely 


Proportional to its frequency and describes 


the distance from one wave peak to the 
following wave peak. Visible light lies in 
the wavelength range from about 0.38 
micrometers (violet) to 0.7 micrometers 
(red). The peak sensitivity of the human 
eye is to light at a wavelength of about 0.5 
micrometers (green), near the response 
wavelength of the green channel of the 
GLOBE sun photometer. 
Weather 
The state of the atmosphere at a particular 
place and time. Weather includes variables 
such as temperature, barometric pressure, 
wind, cloudiness, precipitation, and 
relative humidity. 
Wet Bulb Depression 
The difference between the dry bulb and 
wet bulb temperature readings on a sling 
psychrometer 
Wet Bulb Temperature 
The temperature taken on a sling 
psychrometer from the thermometer with 
its bulb covered in a wet wick, after 
slinging or whirling the psychrometer for 
the prescribed amount of time 
Wet Deposition 
The depositing of gases or aerosols from 
the atmosphere on to Earth’ surface 
through their incorporation in 
Precipitation (rain drops, snowflakes, 
etc.). Sometimes the terms ‘rain out’ or 
‘wash out’ are used in place of wet 
deposition. 
Zenith Angle ( 
The angular distance between an object in 
the sky, such as the sun, and an object 


directly overhead. Zenith angle is 90° 
minus the elevation angle 
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Weekly Measurements Optional Measurements 

Basic Salinity Titration (weekly) 

Transparency Freshwater macroinvertebrates (twice a year) 
Water Temperature 

Dissolved Oxygen 

Electrical Conductivity 

Salinity 

pH 

Alkalinity 

Nitrate 


Suggested Sequence of Activities 


Read the Introduction, especially the sections What Measurements Are Taken and Getting 
Started. 

The Water Walk Learning Activity sets the stage for developing a 
baseline knowledge and interest in your Hydrology Site. 

The Model a Catchment Basin Learning Activity provides the big 

Picture view of the students’ watershed and the water and 

study site in relation to this watershed. 

Map Your Hydrology Site. At the beginning of your study as 

Part of defining your site, and once each year thereafter, create 

a map of the Hydrology Site and take photographs to send to GLOBE. 
The Practicing Your Protocols Learning Activity guides students through learning how to 
use the instruments and following the protocols so they collect reliable data. 

Begin Field Sampling. Go to the site and begin the weekly measurements for water. 
Use the Looking at Data section at the end of each Protocol as a guide to examine your 


data, ask questions and interpret what you find. Start linking water data to other GLOBE 
measurements. 


Focus on Key Science Ideas by performing the following Learning Activities: 
- Water Detectives and The РН Game intro 
and to the need using instruments to ta 


- Modeling Your Water Balance lets studen 


А variables 
duce students to key water chemistry variab 
ke certain measurements. 
ts explore how to use their data for modeling: 
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* See the full e-guide version of the Teacher's Guide available on the GLOBE Web site and CD-ROM. 
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Introduction 


What is the condition of Earth's many surface 
waters — the streams, rivers, lakes, and coastal 
waters? How do these conditions vary over the 
year? Are these conditions changing from year to 
year? 

Through the GLOBE Hydrology Investigation, you 
can help address these questions by monitoring 
the waters near your school. Our knowledge of 
global trends in water measurements is based on 
sampling at very few sites. This sampling has 
generally been done only a few times. For 
example, our information on many lakes is based 
on sampling done only once or twice more than 
ten years ago. 


Inorder to evaluate water changes, we need access 
to reliable information on current and past 
conditions. If changes are already taking place, 
comparing multiple sites at different areas can 
help us understand what is happening. 


Why Investigate the 
Surface Waters? 


We do not just drink water; we are water. Water 
Constitutes 50 to 90 percent of the weight of all 
living organisms. It is one of the most abundant 
and important substances on Earth. Water 
Sustains plant and animal life, plays a key role in 
the formation of weather, helps to shape the 
Surface of the planet through erosion and other 
Processes, and approximately 7096 of Earth's 
Surface is covered in water. 


Measures of dissolved oxygen and pH directly 
indicate how hospitable a body of water is to 
aquatic life. It is interesting to both follow the 
Pun Cycle of water parameters, such as 
ko ved oxygen, alkalinity and pH, and to make 
d ps between different water bodies. We 
үз. и Questions as: are dissolved oxygen 
ай; i ways at the maximum allowed by the 
"s ature of the water, or are they depressed 

Ng part of the year? If they are low, we want 


to know the cause. We can see if pH becomes 
depressed right after a rain or when there is a lot 
of snowmelt running off into the lake or stream. 
If we do find a depression in pH, we would expect 
this water to have a low level of alkalinity. In fact, 
we would expect waters with a low alkalinity to 
have a depression in pH following rainfall or 
snowmelt. But we must take the measurement 
to confirm whether or not this really happens. 
Developing a database of water measurements 
will allow us to answer such questions. 


Despite its abundance, we cannot use most of 
Earths water. If we represent Earth's water as 100 
liters, 97 of them would be seawater. Most of the 
remaining three would be ice. Only about 3 mL 
out of the whole 100 liters would be fresh water 
that we can consume; this potable water is 
pumped from the ground or taken from fresh 
water rivers and lakes. 


In most countries current measurement programs 
cover only a few water bodies a few times during 
the year. We hope the GLOBE measurements you 
take will help fill this gap and improve our 
understanding of Earth’s natural waters. This 
knowledge can help us make more intelligent 
decisions about how we use, manage and enjoy 
these resources. 
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The Big Picture 
The Hydrologic Cycle 


Water continually circulates between Earth's 
surface and atmosphere in what is called the 
hydrologic cycle. The hydrologic, or water, cycle 
isone ofthe basic processes in nature. Responding 
to heat from the sun and other influences, water 
from oceans, rivers, lakes, soils and vegetation 
evaporates into the air and becomes water vapor. 
Water vapor rises into the atmosphere, cools, and 
turns into liquid water or ice to become clouds. 
When water droplets or ice crystals get large 
enough, they fall back to the surface as rain or 
snow. Once on the ground water filters into the 
soil and is either absorbed by plants or percolates 
downward to groundwater reservoirs. If water 
does not filter into the soil, it runs off into streams 
and rivers and eventually into oceans, while some 
of it evaporates. 


After Mackenzie and Mackenzie 1995, and Graedel and Crutzen 1993 


Waters in a lake, snow on a mountain, humid air 
or drops of morning dew are all part of t 
system. Total annual water loss from the Surface 
equals Earth’ total annual precipitation, С anging 
any part of the system, such as the amount of 
vegetation in a region or land cover, affects the 
rest of the system. 


he same 


Water participates in many important chemical 
reactions and is a good solvent. Completely pure 
water rarely occurs in nature because it carries 
impurities as it travels through the hydrologic 
cycle. Rain and snow capture aerosols from the 
air. Acidic water slowly dissolves rocks, placing 
dissolved solids in water. Small but visible pieces 
of rocks and soils also can become suspended in 
water and make some waters turbid. When water 
percolates into the ground, more minerals dissolve 
into water. Dissolved or suspended impurities 
determine waters chemical composition. 


Cloud 


> 


cean 
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GLOBE Measurements 


What Measurements are Taken? 
In this investigation students will measure the 
following water measurements: 
Transparency 
Water Temperature 
Dissolved Oxygen 
Electrical Conductivity 
Salinity 
pH 
Alkalinity 
Nitrate 
Optional (Protocols on the GLOBE e-Guide): 
Salinity Titration 
Freshwater Macroinvertebrates 


Individual Measurements 
Transpar ency 
Light, essential for growth of green plants, travels 
farther in clear water than in turbid water that 
contains suspended solids or colored water. 
Transparency is the degree to which light 
penetrates into water. Two methods commonly 
used to measure transparency are the Secchi disk 
and transparency tube. The Secchi disk was first 
used to measure transparency in 1865 by Father 
Pietro Angelo Secchi, the scientific advisor to the 
Pope. This simple and widely used measurement 
is the depth at which a 20-cm black and white 
disk lowered into water just disappears from view, 
and reappears again when raised. An alternate 
measure of transparency is obtained by pouring 
Water into a tube with a pattern similar to that of 
û Secchi disk on the bottom and noting the depth 
n Water in the tube when the pattern just 
oo from view. The Secchi disk is used in 
و‎ Waters. The transparency tube can be 
à S either still or flowing waters and can 
Sj. to measure shallow water sites or the 
Mace layer of deepwater sites. 


Water Temperature 

ү; 

ki temperature is largely determined by the 
unt of solar energy absorbed by the water as 


Well a 5 Е 
Eon. тя Surrounding soil and air. More solar 
8 leads to higher water temperatures. Water 


used in manufacturing and then discharged into 
a water body may also increase water temperature. 
Water evaporating from the surface of a water 
body can lower the temperature of water but only 
for a very thin layer at the surface. 


Water temperature can be indicative of where the 
water originates. Water temperature near the 
Source will be similar to the temperature of the 
source (e.g., snowmelt will be cool whereas some 
ground water is warm). Water temperature farther 
from the source is influenced largely by 
atmospheric temperature. 


Other parameters, such as electrical conductivity 
and dissolved oxygen, are dependent on water 
temperature. It is also an important factor for what 
will live in a water body. 


Dissolved Oxygen 

Water is a molecule made of two hydrogen atoms 
and one oxygen atom — hence, H,O. However, 
mixed in with the water molecules of any body of 
water are molecules of oxygen gas (O,) that have 
dissolved in the water. Dissolved oxygen is a 
natural impurity in water. Aquatic animals, such 
as fish and the zooplankton they feed on, do not 
breathe the oxygen atom in water molecules. 
Rather, they breathe the oxygen molecules 
dissolved in the water. Without sufficient levels 
of dissolved oxygen in the water, aquatic life 
suffocates. Dissolved oxygen levels below 3 mg/L 
are stressful to most aquatic organisms. 


pH 

pH is a measure of the acid content of water. The 
pH of a water influences most of its chemical 
processes. Pure water with no impurities (and not 
in contact with air) has a pH of 7. Water with 
impurities will have a pH of 7 when its acid and 
base content are exactly equal and balance each 
other out. At pH values below 7 there is excess 
acid, and at pH levels above 7 there is excess base 


in the water. 


Electrical Conductivity 

Pure water is a poor conductor of electricity. It is 
the ionic (charged) impurities in water, such as 
dissolved salts, that enable water to conduct 
electricity. Since we lack the time or money to 
analyze water for each substance, we have found 
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a good indicator of the total level of impurities in 
fresh water to be its electrical conductivity. 
Electrical conductivity is the measurement of how 
well water passes an electrical current. The more 
dissolved salts there are in water, the greater its 
electrical conductivity. 

Salinity 

Water in seas and oceans is salty and has a much 
higher dissolved solids content than in freshwater 
akes, streams and ponds. Salinity is a measure of 
that saltiness and is expressed in parts impurity 
per thousand parts water. The average salinity of 
Earth’ oceans is 35 parts per thousand (35 ppt). 
Sodium and chloride, the components of common 
table salt (NaCl), contribute most to the salinity. 
In bays and estuaries we can find a wide range of 
salinity values since these are the regions where 
teshwaters and seawater mix. The salinity of these 
brackish waters is between that of freshwater, 
which averages 0.5 ppt, and seawater. 


Every continent on Earth also has inland lakes 
that are saline. Some of the more prominent 
examples are the Caspian Sea in Central Asia, the 
Great Salt Lake in North America, and several 
lakes in the Great Rift Valley of East Africa, Some 
of these are even more saline than seawater. Waters 
acquire salinity because rivers carry salts that 
originated from the weathering or dissolving of 
continental rocks, When water evaporates the salts 
stay behind, resulting in a buildup of dissolved 
material. When water becomes saturated with 
salts, they precipitate out as solids. Whereas the 
oceans salinity changes slowly, over many 
millennia, the salinity of inland waters can change 
more quickly, over hours to decades, when rainfall 
or snowmelt patterns change. 


Alkalinity 


Alkalinity is the measure of a Waters resistance to 
the lowering of pH when acids are added to the 
water. Acid additions generally come from rain 
or snow, though soil sources are also important 
in some areas. Alkalinity is generated as water 
dissolves rocks containing calcium carbonate such 


as calcite and limestone. When a lake or stream 
has low alkalinity, typically below about 109 mg/L 
as СаСО, a large influx of acids froma big rainfall 
or rapid snowmelt event could (at least 
temporarily) drop the pH of the water to levels 
harmful for amphibians, fish or zooplankton, 


Nitrate 


Plants in both fresh and saline waters require three 
major nutrients for growth: carbon, nitrogen and 
phosphorus. In fact, most plants tend to use these 
three nutrients in the same proportion, and cannot 
grow if one is in short supply. Carbon is relatively 
abundant in the air as carbon dioxide. Carbon 
dioxide dissolves in water and so a lack of either 
nitrogen or phosphorus generally limits the 
growth of aquatic plants. In some cases, trace 
nutrients such as iron can also be limiting. 
Sunlight can also limit growth. Nitrogen exists in 
water bodies in numerous forms: dissolved 
molecular nitrogen (N,), organic compounds, 
ammonium (NH,*), nitrite (NO,-) and nitrate 
(NO,-). Of these, nitrate is usually the most 
important for plant growth. 


Freshwater Macroinvertebrates 


Millions of small creatures inhabit fresh waters of 
lakes, streams, and wetlands. Macroinvertebrates, 
consisting of a variety of insects and insect larvae, 
crustaceans, mollusks, worms, and other small, 
spineless animals live in the mud, sand, or gravel 
of the substrate or on submersed plants and logs. 
They play a crucial role in the ecosystem. They 
provide an essential link in the food chain and 
are the source of food for many larger animals. 
Macroinvertebrates, such as freshwater mussels, 
help to filter water. Other types are -—— 
and feed on decaying matter in the water, while 
certain macroinvetebrates prey on smaller 
organisms . 


Macroinvertebrates can tell us a lot about the 
conditions within a water body Ma 
macroinvertebrates are sensitive to changes” in 
dissolved oxygen, temperature, b 
transparency, and other changes in their ү ГАП 
Habitat is a place that includes everything b 
animal needs to live and grow. 
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Macroinvertebrate samples allow us to estimate 
biodiversity, examine the ecology of the water 
body and explore relationships among water 
chemistry measurements and organisms at your 


Hydrology Site. 


Where are the measurements taken? 


All hydrology measurements are taken at the 
Hydrology Study Site. This may be any surface 
water site that can be safely visited and monitored 
regularly from your school, although natural 
waters are preferred. 


Sites may include (in order of preference): 


1. stream or river 

2. lake, reservoir, bay or ocean 

3. pond 

4. an irrigation ditch or other water body if 
one of the above is not accessible or 
available 


When are the measurements taken? 


Collect all water measurements at roughly the 
same time each day, on a weekly basis. If your 
sampling site freezes over in winter or runs dry, 
be sure to enter this information each week until 


you again have free-flowing surface water to 
measure, 


Note: Certain times of the year provide more 
exciting measurements. When runoff from a 
spring snowmelt is occurring on a river, the 
increased flow and sediment will dramatically 


th 


ob 


interpret your water data. 


Collect freshwater macroinvertebrate data twice a 
year, once in Spring and again in late Summer or 
early Autumn before the first freeze. If your seasons 
alternate between wet and dry, choose a date in 
the second half of the wet season and one date in 
the dry season, six months from the first sampling 
if possible. If you have no marked cyclic changes, 
ask local experts to find out when you should 
sample to find the peak abundance and diversity 
of macroinvertebrates in the water. Sample at that 
time and sample again six months later. 


How many students should be 
involved? 

Measurements should be taken by groups of 2-3 
students. Tasks within a group include collecting 
samples, processing samples, and recording data. 
It is very useful to have multiple groups testing 
for each parameter (for example, three groups 
measure dissolved oxygen). This allows more 
students to get involved and builds in some quality 
control. Groups of students conducting the same 
test should look at each other’ results to determine 
if the data are similar. If there are different results 
for the same sample, students should check the 
procedures and redo the test to determine what 
caused the difference. Data quality control should 
be an important part of the science and the learning 
experience. 


Table HY-I-1: Hydrology Measurement Levels and 
Approximate Time Required 


change water measurements. One or more times Level Measurements е, 
а ‹ А н 
= Гунн pa Ба МЕНЕ m. i. Beginning Transparency 10 
à р ccur in spring after рл 10 
© ice melts. Turnover can cause surprising И (баре 10 
changes to your measurement results. Be R uan 10 
Servant of seasonal and monthly changes. Use s е js y 10 
the Comments section of the GLOBE data entry m 
Pages to record observations that may help others Intermediate Dissolved oxygen 20 
or Advanced pH (meter) 10 
Alkalinity 15 
Nitrate 20 
Optional Salinity Titration 10 
Freshwater macro- 3-6 hours 
invertebrates Sj 
Hydrology 


GLOBE® 2003 


Introduction - 5 


uononpoaqug 


2 


How long does it take to do the — 
measurements? 


The amount of time for doing the measurements 
will depend on the distance to your water site, 
the skill level of the students, and how your group 
is organized. If each student group performs all 
of the measurements it will take more time than 
if smaller groups are responsible for different cg 
of measurements each week. | 


Getting Started 


For the weekly water protocols, students will take 
samples of water from a selected body of water, 
process the samples to determine their 
composition, and analyze the data to better 
understand the water and its impact on the 
environment. Each year, students are requested 
to map and photograph their site. One of the 
major factors that limit use of data is poor 
documentation of sites. 


For the Freshwater Macroinvertebrate Protocol, 
students will sample their water sites twice a year 
to determine the relative number and types of 
invertebrates. Students will compare these data 
with the water chemistry data, historic data, and 
other indices to understand the patterns and 
trends of the water they are studying. 


Educational Objectives 


Students participating in the activities presented 
in this chapter should gain inquiry abilities and 
understanding of a number of concepts. These 
abilities include the use of a variety of specific 
instruments and techniques to take measurements 
and analyze the resulting data along with general 
approaches to inquiry. The Scientific Inquiry 
Abilities listed in the gray box are based on the 
assumption that the teacher has completed the 
protocol including the Looking At The Data section. 
f this section is not used, not all of the Inquiry 
Abilities will be covered. The Science Concepts 
included are outlined in the United States National 
Science Education Standards as recommended by 
he US National Research Council and include 
hose for Earth and Space Science and Physical 
Science. The Geography Concepts are taken from 
the National Geography Standards prepared by 
he National Education Standards Project. 
Additional Enrichment Concepts specific to the 
'ydrology measurements have been included as 
a The gray box at the beginning of each 
an or learning activity gives the key concepts 
oe Inquiry abilities covered. The 
siut т. tables provide a summary indicating 
с ncepts and abilities are covered in which 
otocols or learning activities. 
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National Science Education Standards 


Protocols 


Trans. 


Temp. 


Dis. pH 


Earth and Space Sciences 


E. Cond, Salinity T c» 


Properties of Earth Materials (K-4) 
Earth materials are solid rocks, soils, water and the atmosphere 


Soils have properties of color, texture and composition; they support 
the growth of many kinds of plants 


Soils consist of weathered rocks and decomposed organic matter 
Changes in the Earth and Sky (K-4) 


Structure of the Earth System (5-8) 
Landforms are the result of destructive and constructive forces 


The surface of the Earth changes (Erosion, weathering, etc.) 


Soil consists of weathered rocks and decomposed organic matter 


| Water circulates through the biosphere, lithosphere, atmosphere 
and hydrosphere (water cycle) 


Water is a solvent 


Energy in the Earth System (9-12) 
The sun is the major source of energy at Earths surface 


Geochemical Cycles (9-12) 
Each element moves among different reservoirs 
(biosphere, lithosphere, atmosphere, hydrosphere) 


Solar insolation drives atmospheric and ocean circulation 


Physical Sciences 


Properties of Materials (K-4) 
Objects have observable properties 


Life Sciences 


The Characteristics of Organisms (K-4) 


Organisms have basic needs. 


Organisms can only survive in environments where their needs are met 


Earth has many different environments that support different 
combinations of organisms 


Structure and Function of Living Systems (5-8) 


Ecosystems demonstrate the complementarily nature of 
structure and function 


Regulation and Behavior (5-8) 


All organisms must be able to obtain and use resources while 
living in a constantly changing environment 


Organisms and their Environments (K-4) 
Organisms’ functions relate to their environment 


Organisms change the environment in which they live Г] 
Humans сап change natural environments Г] 


| 
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National Science Education Standards 


Protocols 


Dis. 
Oxygen 


pH 


Populations and Ecosystems (5-8) 


All populations living together and the physical factors with 
|_which they interact constitute an ecosystem 


E. Cond. Salinity 


Sunlight is the major source of energy for ecosystems 
The Interdependence of Organisms (9-12) 


Atoms and molecules cycle among the living and non living 
components of the ecosystem 


Populations of organisms can be categorized by the function 
they serve in the ecosystem 


Energy flows through ecosystems in one direction 


(photosynthesis-herbivores-carnivores-decomposers) 


Organisms both cooperate and compete in ecosystems 
The population of an ecosystem is limited by its resources 
Humans can change ecosystem balance 

Matter, Energy, and Organization in Living Systems (9-12) 
Energy for life derives mainly from the sun 

Living systems require a continuous input of energy to 
maintain their chemical and physical organizations 
The Behavior of Organisms (9-12) 


The interaction of organisms in an ecosystem have 
evolved together over time 


ma 
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Instrument Construction, Site Selection, Site 
Documentation and Mapping, and Sampling Procedures 


Instructions to build some equipment are provided. Instructions 
are provided on how to select, describe and map a hydrology 
site. Students are shown how to take a water sample to test. 


Water Transparency Protocol 


Students will first measure water transparency at their 
undisturbed study site using a transparency tube or Secchi disk. 


Water Temperature Protocol 
Students will measure the temperature of water. 


Dissolved Oxygen Protocol 
Students will measure dissolved oxygen in the water at their 
site using a dissolved oxygen test kit. 


Electrical Conductivity Protocol 
Students will measure electrical conductivity of water at 
freshwater hydrology sites. 


Salinity Protocol 
Students will measure the salinity of a salty or brackish water 
sample using a hydrometer and thermometer. 


PH Protocol 
Students will measure the pH of water using either pH paper or 
a pH meter. 


* See the full e-guide version of the Teacher's Guide available on the GLOBE Web site and CD-ROM. 
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Alkalinity Protocol 
Students will measure the alkalinity of water using an alkalinity test kit. 


Nitrate Protocol 


Students will measure the nitrate-nitrogen content of water using a nitrate 
test kit. 


Freshwater Macroinvertebrate Protocol* 


Students will collect, identify, and count macroinvertebrates at freshwater 
hydrology sites. 


Marine Macroinvertebrate Protocol* 


Students estimate the densities of certain animal species found in the 
intertidal zone at coastal sites. 


Salinity Titration Protocol* 


Students will measure the salinity of saltwater using a salinity titration 
kit. 


" See the full e-guide version of the Teacher's Gulde available on the GLOBE Web site and CD-ROM. 
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^ Instructions for Making a Secchi Disk to Measure 
^ Water Transparency 


Materials 


Q Wooden disk (20 cm diameter) Û 5 meters торе (or more, depending on depth of 
water) 


i k and white) 
Q Paint (black and white Q Meter stick 


Q 2 hook screws (2-3 cm) Û Permanent, waterproof markers (black, red, blue) 


O Pipe(s) for weight Û Short piece of rope (approximately 50 cm - 1 m) 


Directions for Construction 


. Divide top of wooden disk into four equal quadrants. Draw lightly in pencil 2 lines crossing at 
а 90 degree angle to identify the quadrants. 


5 


ко 


. Paint two opposite quadrants in black and the other two in white. 


w 


. Screw a hook screw into the top center and bottom center of the disk. Tie the 5-m (or longer) 
rope through the screw in the top of the disk. 


. Tie the short piece of rope through the screw on the bottom of the disk. String the rope 
through the pipe. Tie a large knot at the bottom of the pipe so that it does not fall off when 
hanging vertically underneath the disk. 


ub 


5. Measure and mark the rope above the top part of the disk with a black marker every 10 cm. 
6. Measure and mark every 50 cm up from the disk with a blue marker and every meter with a 
red marker. 
Heavy rope to lower disk 
Wooden Disk Й 
20 cm diameter Hook screw 
E 
Л Hook screw (not shown) 
——— 
заары to attach rope to disk 
! Pipe (or pipes, if needed) 
for weight 
G 
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Instructions for Making a Transparency Tube to 
Measure Water Transparency 


[qe 
oe 
ve 


Materials 
Û Clear tube (approximately 4.5 cm x 120 cm) Û Permanent, waterproof black marker 


Ч PVC cap (to fit snugly over one end of tube) О Meter stick 


I 


Directions for Construction 
1. On the bottom of the inside of the PVC cap, draw a Secchi disk pattern (alternating black and 
white quadrants) with the black marker. 


(: 


N 


. Put the PVC cap over one end of the tube. Cap should fit tightly so water cannot leak out. 


. Use the marker and meter stick to draw a scale on the side of the tube. The bottom of the 
inside of the PVC cap where the Secchi disk pattern is drawn is 0 cm. Mark every cm up from 
that point. 


Ww 


5 


Clear Tube 


Mark off 
4.5 cm x 120 cm 


in one cm 
increments 


Painted Disk 
to fit bottom 
of tube 


0 
bo PVC cap 
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Instructions for Making a Kick-Net to Collect 
Freshwater Macroinvertebrates 


Materials 

Q One piece of 95 cm x 132 cm nylon netting Q Staples 
(0.5 mm mesh) 

Q One piece of 120 cm x 150 cm (or larger) Û 2 pieces of denim or other heavy fabric 
nylon netting (0.5 mm mesh) for a funnel (optional) (8 cm x 132 cm each) 

Q 2 poles (132 cm long, 4 to 5 cm diameter) O Needle and thread or heavy waterproof 

tape 
Directions for Construction 


1. Fold each of the 8 x 132 cm strips of heavy fabric over each of the long edges of the 95 cm x 
132 cm nylon netting (0.5 mm mesh). Hold in place by sewing or using waterproof tape. 


2. Attach the nylon netting and the fabric to the poles with staples. The poles should be even 
with the netting at the bottom and extend above the netting to form handles at the top. 


3. Roll the poles so that the netting wraps around the poles until the width equals 1 m and staple 
again. 

^. Optional: at the center, cut a 30 x 30 cm square to sew а funnel-shaped net. This is not 
necessary but can be very useful to concentrate organisms and transfer them into a bucket. If 
you have more 0.5 mm nylon netting, you could also make the whole net into a pouch or a 
funnel starting at the 90 cm by 100 cm edges and tapering back like a butterfly net. 


wood handles 
(1x2) 


fabric edging 
8 cm (folded) nylon 
netting 
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Instructions for Making the D-net to Collect Freshwater 
Macroinvertebrates 


Materials 
Q 2 pieces of nylon netting (36 x 53 cm) Û Needle and thread or heavy Waterproof 
(0.5 mm mesh) tape 
Q 1 meter of very stiff wire or 3 stiff coat hangers О 152 cm pole (e.g. broom or rake handle) 
Q Heavy fabric (8 x 91 cm) (e.g. denim) Q 4cm pipe clamp 
Directions for Construction 
1. Lay the 2 pieces of nylon netting on top of each other. Cut a net shape from the nylon netting piece 


(see diagrams) and sew them together. 


N 


. Open the net so that the seam is to the inside. Sew the strip of fabric (8 x 91 cm) on to the edge of 
the open end of the net, leaving an opening to insert the hangers. 


3. Shape the heavy wire into a ‘D’ shape, with the straight side of the ‘D’ being about 40 cm long, Ifyo 
are using hangers, cut the hooks from the hangers and untwist the wires, then shape them into a D! 


. Insert the wire through the fabric casing and twist the ends together at the opening. Use heavy 
waterproof tape to tape the hangers together. 


Ut 


‚ Drill a hole in the tip of the handle large enough to insert the ends of the wires. 


6. Attach the net to the pole by inserting the ends of the wire into the hole drilled in the pole end. Ly 
a short piece of wire over the net frame and clamp the ends to the pole to secure the net to the pol. 


2 pieces of netting 


Cut on black line. 


® 
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Instructions for Making the Quadrat to Use When 
Collecting Freshwater Macroinvertebrates 


Materials 

Q Four poles of PVC pipe (100 cm long) Q 3.5 meters of bungie cord 

O 4 elbows of PVC pipe Cl 3 meters of rope (longer if needed) 
Directions for Construction 


1. Assemble the four poles with elbows and adjust to exactly 1 x 1 meter inside the frame. 


2. Drill holes in the four poles to allow water to enter and the quadrat to sink. 


uonnpomnul 


3. Insert the bungie cord through the four poles and tie the two ends with a knot. The cord will 
hold the quadrat together in the water and will allow you to collapse the quadrat when not in 
use. 


4. Attach a rope to the quadrat to use for lifting the quadrat out of the water after sampling. 


Holes 


———— pyc 4 
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Instructions for Making Sieves to Use When Collecting 


Freshwater Macroinvertebrates 


Materials 


Q One piece of 25 x 25 cm nylon, 
cotton, or metal netting 


(0.5 mm mesh or smaller) j 
Q Stick or spatula 


Q One rigid plastic or metal cylinder 
(5 cm high and about 20 cm in diameter, 
but these dimensions can vary since the 
sieve is not used to quantify samples) 


Q Scissors 


Directions for Construction 


1. The cylinders must be open at both ends. Add glue to the bottom 
rim of the cylinder. 


2. Place the square of netting on top of the glue and use a stick or 
spatula to press the netting into the glue. 


3. Add glue around the same rim but on top of the netting. 


4. Allow the glue to dry completely (follow directions on glue 
package). 


5. Once the glue is dry, cut the extra netting around the rim. 


Q Waterproof glue 


Add glue to 
bottom rim 


Place netting 
on cyclinder 


Netting with 0.5 mm 
mesh or smaller 


Add more glue on 
top of netting i 
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Instructions for Making the Sub-Sampling Grid to Use 
When Measuring Freshwater Macroinvertebrates 


Materials 
Q Piece of stiff plastic, board or Q Ruler 
tray (30 x 40 cm) with at least 2-3 cm | | 
ridge around the outside OR shallow, Q Waterproof marker for drawing on sampling grid 


white metal or plastic pan (30 x 40 cm) 
with flat bottom (a white plastic lid with 
flat bottom from storage boxes or sheet 
metal dampers can work) 


Q White waterproof, nontoxic paint Q Two small levels 
(if your pan or grid sheet is not already white) 


Q Graduated cylinder 


Û Tube of waterproof silicon caulking compound 


Directions for Construction 
1. If using a flat sheet of plastic or board, cut to the correct size, then paint the sheet white with 
nontoxic, waterproof white paint. The ridge around the outside of the board should be tall 
enough to hold 2 — 3 cm of water on the board. 


кә 


Draw a grid on your sheet or in the bottom of your pan. The squares of the grid should be 
HEM x 4 cm. 


9 


Use the caulking compound to outline each square, building the lines up to about 5 mm in 
height. 


Аз 


. Number the squares consecutively. 


[i 


Glue the two small levels onto opposite sides of the grid. 


е 


Measure the volume of water necessary to cover the whole grid with water so that each square is 
Wet almost all the way up to the 5 mm line. This will contain the live macroinvertebrates in 
their sub-sampling squares. 


àg 


. Record this grid volume and the number of squares onto the Freshwater Macroinvertebrate 
Identification Data Sheet. 


со 


. Practice spreading the grid volume of water evenly over the grid, filling all the squares. 


Squares should be 
4 cm x 4 cm. There 
should be 7 x 10 squares. 
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Frequently Asked Questions 

1. How much weight do I need on my Secchi 
disk? 

Use enough weight so that the disk will be pulled 
vertically down under the water. 


2. How long should the rope be on the Secchi 
disk? 

The length of the rope will depend on how clear 
your water is and from where you are measuring. 
If you are measuring from a dock or bridge, for 
instance, extra rope may be needed to reach the 
water surface. If your water tends to be murky 
and you are measuring from near the surface, you 
may not need more than a couple of meters of 
rope. 


3. Where do I find a long, clear tube for my 
transparency tube? 

Many hardware stores carry long tubes for 
protecting fluorescent light bulbs. These are 
inexpensive and make excellent transparency 
tubes. If these are not available, any long, clear 
plastic tube of the appropriate size can be used. 
Length of tube is more important than diameter. 


4. What do I do if my tube leaks around the 
cap? 

If your tube leaks, use waterproof silicone caulk 
to seal around the cap. 
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5. Is it acceptable to make a smal] 

hole in the transparency tube near 

the bottom, fill the tube with water, 

then slowly release water until the disk at the 
bottom appears? 

This method is acceptable as long as the 
measurement is made very quickly, Particles settle 
quickly, especially if they are being pulled down 
by water being released at the bottom. The reading 
must be made before particles settle and obscure 
the disk. These tubes should be emptied and 
rinsed between readings to be sure no particles 
remain on the bottom to affect the next reading. 


6. Can a transparency tube be longer or shorter 
than 120 cm? 

The tube should be within a few centimeters of 
the 120 cm standard. Some schools might test 
waters that never have a transparency greater than 
20 centimeters, and for them there is no need for 
the longer tube. Others might have waters that 
are always >120 cm and need a longer tube to 
indicate the greater transparency. The standard 
distance of the eye to the disk (120 cm), however, 
should be maintained to standardize the 
measurement. 
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Ideally, the Hydrology Study Site is located within 
the 15 km x 15 km GLOBE Study Site. Within 
this area, select a specific site where the hydrology 
measurements (water temperature, transparency, 
pH, dissolved oxygen, alkalinity, electrical 
conductivity or salinity, nitrate, or freshwater 
macroinvertebrates) can be taken. You may also 
choose a water body of special interest to you 
within your GLOBE Study Site. The water bodies 
that scientists are most interested in are (in order 
of preference): 
1. Stream or river 
2. Lake, reservoir, bay, or ocean 
3. Pond 
^. An irrigation ditch or other water body 
used because one of the above is not 
accessible or available within your GLOBE 
Study Site. 


You should collect all water samples from the same 
place at the Hydrology Site each time. This is called 
the Sampling Site. 


If the site is a moving body of water, like a stream 
or a river (lotic), locate your Sampling Site at a riffle 
area (a place where the water is turbulent and 
moving but not too fast) as opposed to still water 
or rapids. If the site is a still body of water, like a 
lake or reservoir (lentic), find a Sampling Site near 
the outlet area or along the middle of the water 
body, but avoid taking samples near an inlet. A 
bridge or a pier are good choices. 


If your brackish or salt water body is affected by 
tides, you will need to know the times of high 
and low tide at a location as close as possible to 
your Hydrology Site. 


Freshwater macroinvertebrate sampling is done 
at locations near your water quality Sampling Site. 
Since different creatures live in different habitats, 
sampling sites will depend on the habitat type or 
types represented near your site. The protocols 
will direct you in selecting and sampling different 
habitats. 


If others are doing research at your Hydrology 
Study Site, contact them before your students take 
measurements to avoid your students potentially 
interfering with other research. Your students may 
beable to contribute to ongoing research by taking 
measurements. 
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Documenting Your Hydrology Study Sit 


Information about your GLOBE Hydrology Site 
is essential for students and scientists to interpret 
the water data of your school. Students need to 
keep current and accurate Science Logs, report 
unusual findings, and attempt to understand the 
data they are collecting both spatially and 
temporally. This means understanding what is in 
their entire watershed and how their area changes 
over time. Students will find seasonal patterns and 
they may also find longer-term changes or trends. 


You will be asked to provide information on your 
site in three ways: through written comments, 
photographs, and a field map. 


Written Comments 

Students are asked to provide specific information 
when they define their site, by filling out the 
Hydrology Site Definition Sheet. 


In addition to supplying this information, you 
must also carefully observe and report other things 
that may affect the water at your site. For example, 
you may observe migratory waterfowl in the pond, 
a large storm may have caused trees to fall into 
the stream or a new bridge is being built slightly 
up the stream from where you are sampling. You 
may be collecting other GLOBE data such as 
precipitation, soil pH, or land cover that might 
affect the water. Teachers can Support these efforts 
by helping students find other resources to use 
Such as maps, reports from other monitoring 
groups or government agencies, local experts, and 
other people who may have special insight into 
the history of the community. 


As requested on the Hydrology Site Definition Sheet, 
please provide the manufacturer and model name 
for the test kits, If you change the type of kit, 
please update the site definition information. 


All observations should be documented in Science 
Logs. They should also be reported in the 
Hydrology Site Definition Sheet, under Comments, 
and reported to GLOBE. 


Photographs 

Once each year, take photographs of your 
Hydrology Study Site and send them to GLOBE, 
Take four photographs, one in each cardinal 
direction (north, south, east, and west) while 
standing where you normally stand to collect your 
water sample. Have two sets of pictures printed, 
one for your records and one for GLOBE. Label 
each photograph with your school’s name and 
address, the Hydrology Study Site name, and 
cardinal direction. Submit labeled copies of the 
photographs to GLOBE by mailing them to the 
address given in the Implementation Guide. 


Field Map 


Draw and submit a field map of your Hydrology 
Site each year following the guidelines in the 
Mapping Your Hydrology Site Field Guide. The field 
map will help you become familiar with your site 
and identify micro habitats as well as surrounding 
land cover that may affect the water. 
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Teacher Support 


Each time you establish a new Hydrology Study 
Site, your students should fill out a new Hydrology 
Site Definition Sheet, take photographs of the site, 
and make a map following the Documenting Your 
Hydrology Study Site and Mapping Your Hydrology 
Study Site Field Guides. After the initial site 
description, you should update your site definition 
information, as well as take new pictures, create a 
new map, and submit them to GLOBE once a year. 
deally, this should be done at the beginning of 
he school year. If you are using a new group of 
students to take Hydrology measurements, use 
his opportunity to introduce them to your 
existing Hydrology Study Site. If you are using 
he same group of students, use this opportunity 
o explore and document any changes that may 
have occurred since the previous year. Maintaining 
your site definition information, providing current 
photographs and site maps of your Hydrology 
Study Site once a year, are essential for the 
interpretation of your Hydrology data by your 
students, other GLOBE students, and scientists 
alike. 


When you create the map of your Hydrology 
Study Site select a stretch of at least 50 meters 
along the bank that contains the site where you 
collect your Hydrology measurements as well a 
Variety of habitats. The Mapping Your Hydrology 
Study Site Field Guide asks students to walk along 
the 50-m stretch they are mapping. Students 
should do this only if it is safe for them to do so. 
If your site is а river or stream, the likely habitats 
you may find are, 


* Tun areas - where water flows freely and 
there is no turbulence; 

Pool areas - where water is standing or 
still; finest sediments will deposit here; 
riffle areas - where there are rocky 
obstructions in the river bed resulting in 
turbulence; rocks deposit here; 

gravel bars — deposits of gravel within the 


Stream, above the normal level of the 
Water; and 


* sand bars - deposits of sand within stream, 
above the normal level of the water. 

If your study site is a lake, pond, reservoir, bay, 
ocean or other, likely habitats you will find are, 
* vegetated banks: areas where vegetation 

grows into or hangs into the water; 

* logs or snags: areas where partly or wholly 
submerged logs, branches, or other 
vegetation form habitat areas; 

* aquatic vegetation: areas where submersed 
plants grow; and 

* gravel, sand or silt: areas with no plants or 
debris. 

The following is an illustrated example of creating 
a field map of a Hydrology Study Site. 
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Begin by laying out a transect and mark 
3 meters with flags. Each square on you 
represent the area between two flags. 


ing it eve 
T paper wil] 


Draw the bank or coastline by measuring from the 
transect to the shore. If the far shore is too far away 
to fit on your map, indicate this with an arrow and 
the approximate distance. 


Add features to your water site. Show areas of 
different habitats, snags, dams or bridges, sand bars, 
etc. Use a different symbol in the Key to Tepresent 
each feature. 


Indicate the direction of water flow or inlet and 
outlets if known 


Add features from the surrounding area such as 
residential areas, trees, forests or grasslands, 
agricultural or recreational areas, parking lots, etc. 


Add other features along the water site that tus 
help identify your site or interpret your data К. 
as cliffs, big trees, docks, limestone outcrops: 
deposits, etc. 

such @ 


Important features not shown on the map, d with 


i indicate 
industry or dams upstream, can be indica 
an arrow and approximate distance. 


4 he water 
Add your school and site name, name of t 1 


body, scale, north arrow, and date. 
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Documenting Your Hydrology 
Study Site 


Field Guide 


Task 
Describe and locate your Hydrology Study Site. 


What You Need 
О Hydrology Site Definition Sheet О GPS Receiver 
О GPS Protocol Field Guide Û Camera 
О Pencil or pen Ш GLOBE Science Log 
О Compass 
In the Field 
1. Fill in the information on the top of your Hydrology Site Definition Sheet. 


Ре 


Name your site by creating a unique name that describes the location of your site. 


w 


Locate your Hydrology Study Site following the GPS Protocol Field Guide. 


* 


Record the name of the water body you are sampling, using the name commonly used in 
maps. If your water body does not have a common name, then provide the name of the water 
body your water site comes from or flows into or both. For example, Unnamed Stream, 
Tributary to Green River; Unnamed Stream, Outlet from Whiterock Lake; Unnamed Stream, 
Outlet from Bear Lake, Tributary to Black Creek. 


[zi 


. Record whether the water is salt water or fresh water. 


a 


. If your water site is moving water, record whether it is a stream, river, or other and its 
approximate width in meters. 


i 


I your water site is standing water, record whether it is a pond, lake, reservoir, bay, ditch, 
ocean or other and whether it is smaller than, larger than, or about equal to a 50 m x 100 m 
area. If known, indicate the approximate area (km?) and depth (meters). 


со 


- Record whether your sample location is an outlet, bank, bridge, boat, inlet or pier. 


9. Record whether you can see the bottom. 
10. Record the material from which the bank or channel is made. 
11. Record the type of bedrock, if known. 
12. Record the manufacturer and model number for each chemical test kit you are using, if any. 
со 
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13. Record in the Comments section any information that may be important for understanding the 
water at your site. Some possible observations might be: 


a. Any upstream discharge into your body of water 


b. Whether the flow (streams) or water level (lakes) is regulated or is natural (for example, 
flow is regulated downstream of dams). 


c. Types of plants and animals observed 

d. Amount of vegetation in the stream 

e. Human uses of the water: fishing, swimming, boating, drinking water, irrigation, etc. 
f. Other information about why this specific site was selected. 


14. Standing where you will be collecting your water sample, take four photographs of your 
sampling area, one in each cardinal direction (N, S, E, W). Use a compass to determine the 
direction. 


15. Print two sets of photographs and label each photo with your schools name and address, your 
Hydrology Study Site name, and cardinal direction. Keep one set for your records. 


16. Submit the other set to GLOBE by mailing them to the address given in the Implementation 
Guide. 
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Mapping Your Hydrology Study Site 


Field Guide 


Task 
Make a scaled field map of your Hydrology Site. 


Materials 

Û Hydrology Site Mapping Sheet (1 cm grid paper) Ш Flags (18) 
Û Measuring tape (50 m) О Pencil/eraser 
Q Compass 


Inthe Field ° 


. Select a section of the bank at least 50 meters long as your study area, if possible. You may 
consider the entire water body as your study area if it is small enough. The area should 
contain the sampling site where you collect your water measurements as well as a variety of 
habitats. 


= 


= 


Use the measuring tape to measure a straight transect, at least 50 meters long, parallel to the 
shoreline, and within 10 meters of the bank. The transect will be varying distances from the 
water if the bank is not straight. 


w 


. Place flags at the two ends and at every 2 meters along the transect. 


= 


Start drawing your map using the flags to help keep it to scale. 


Note: Using the Mapping Field Sheet or graph paper with 1 cm squares, each square should 
Tepresent 2 meters. Put the scale on your graph. 


[zi 


. Mark the transect and flag positions on the map. 


a 


. Draw the waterline or bank by measuring from each flag directly to the water, placing a small 
dot on the map to show the waterline, then connect the dots with a dotted line to indicate the 
bank. 


чч 


. Put in the Opposite bank or indicate the approximate distance to the opposite bank if known. 


со 


. Use ап arrow to indicate the direction of water flow or the inlet and outlet of your water body. 


© 


. Create a key with symbols for special features found at your site. Use these symbols to 
indicate where special features are located on the map. Suggested features to include: 


* Within the sampling area: riffle areas, pools, vegetated areas, logs, rocky areas, gravel bars, 
Sand bars, bridges, docks, jetties, dams, etc. 
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* Around the sampling area: land cover (or MUC codes), geological features such as cliffs or 
rocky outcrops, man-made features such as houses, parks, parking lots, factories, Toads, 
dumps or debris, etc. 


10. Show the location of your Hydrology Sampling Site. 
11. Include the following information on the map: 
* Name of site 
* Name of water body 
* North arrow 
* Date 
* Scale (e.g, 1 cm = 3 m) 
* Key to all symbols used on the map 
12. Photocopy your map and keep the original for your records. 
13. Submit a copy to GLOBE by mailing it to the address given in the Implementation Guide. 


Note: Make sure to include your schools name and address, as well as the name of your 
Hydrology Study Site. 
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Frequently Asked Questions 

1. Is it acceptable to use a man-made site, e.g. 
a pond built near the school? 

Although natural sites are first in the order of 
preference, man-made sites may be used. Many 
lakes and ponds are man-made 


2. My coastline curves. Is this an appropriate 
site? 

You will seldom find a perfectly straight coastline. 
Try to pick as straight a stretch of coast as possible 
огап area of coast representative of the water body 


3. There are agricultural fields to the north of 
my site. How should I indicate them? 

In the Comments section, note anything within 
your watershed that you think might affect the 
water. On the field map, note direction and 
approximate distance to major land cover features 
of the surrounding area. 


^. My beach has both rocky and sandy shores. 
Should I choose a mix or try to find a site with 
just one type of habitat? 

Try and find a site with just one type of habitat. 
The sampling procedures for different types of 
Coast are different. 
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5. We live fairly near to a river, but 

my class can’t go that far for 

sampling every week. Should we 

choose a less preferable, but closer site? 

Try to sample water bodies that are significant to 
your area, even if you have to use a less frequent 
sampling strategy. Sites closer to the school, that 
can be sampled weekly, can also be chosen as a 
second sampling site. This often makes for 
interesting comparisons between the sites. 


6. Can I choose a site that is sometimes dry? 
Water sites may sometimes dry up, be frozen, or 
become flooded so that data cannot be collected. 
If one of these situations occurs, check ‘dry’, 
‘frozen’ or ‘flooded’ on the data entry page for each 
week that you cannot collect a water sample. This 
will indicate to researchers that the site is still being 
monitored even though water data cannot be 
collected. 


7. Can I have more than one site on a river or 
lake? 

Multiple sites along a watershed are desirable. 
Significant differences might be found at sites with 
different depths, near different land cover, or in 
tributaries of a larger river or body of water. 
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Quality Assurance and Quality Control 


A quality assurance and quality control (QA/QC) 
plan is necessary to ensure that test results are as 
accurate and precise as possible. Accuracy refers 
to how close a measurement is to its true value. 
Precision means the ability to obtain consistent 
results. Accurate and precise measurements are 
achieved by, 


* practicing the measurement techniques of 
the protocols; 

* collecting the water sample or invertebrate 
sample as directed; 

* performing tests immediately after 
collecting the water sample; 

* carefully calibrating, using and 
maintaining testing equipment; 

* following the directions of a protocol 
exactly as described; 

* repeating measurements to check their 
accuracy and to determine any sources of 
error; 

* minimizing contamination of stock 
chemicals and testing equipment ; 

* checking to be sure the numbers 
submitted to the GLOBE Student Data 
Server are the same as those recorded on 
the Hydrology Data Sheets; and 

* examining your data for reasonableness 
and anomalies. 


Calibration 


Calibration is a procedure to check the accuracy 
of testing equipment. For example, to ensure that 
the pH instruments are functioning properly, a 
solution of known value is tested. Calibration 
procedures vary among the measurements and 
are detailed in each protocol. Certain calibrations 
must be done in the field just before the 
measurement is taken. Other calibration 
procedures are done in the classroom. 


Collecting the Water Sample 


If students are able to SAFELY reach the water 
body (within arms’ reach), then water 
temperature, pH, dissolved oxygen, and electrical 
conductivity measurements can be taken on site 
(in situ) directly at the water’ edge. However, the 
measurements of alkalinity, salinity, and nitrate 
require a sample to be taken with a bucket using 
the Bucket sampling procedure. For electrical 
conductivity, if the temperature of the water 
sample is outside the range of 20-30°C, then allow 
the sample to adjust to the temperature within 
that range before conducting the measurement. 


Important: The sequence in which the 
measurements are performed is critical to their 
accuracy and Transparency 
measurements should be taken first, followed 
immediately by the temperature 
measurements, the dissolved oxygen test, then 
electrical conductivity or salinity, pH, alkalinity, 
and finally nitrate 


precision. 


water 


If taking water measurements when students are 
collecting freshwater macroinvertebrates, collect 
water quality measurements first. 


Testing for transparency, temperature, and 
dissolved oxygen must be done on site (in situ) 
immediately after collecting the water sample. Do 
not let the bucket of water sit for more than 10 
minutes (preferably less) before taking | 
measurements and keep the water sample out 0 
the sun. Take a new sample after 10 minutes. 


A sample of surface water can be used with E 
transparency tube. The Secchi disk — 

is only appropriate for deeper Water i à 
measurements are generally taken from а brid 


or pier, away from the waters edge. 


in the 
The dissolved oxygen test may be started in 


in the 
field and completed within 2 hours e 
classroom. To do this, the sample is isi 
the field (see the directions in your disso 
oxygen kit for fixing the sample). 
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Important: Dissolved oxygen measurements have 
limited value unless the temperature of the water 
is known. Measure dissolved oxygen only if you 
are able to measure water temperature. If your 
site has salty or brackish water you must also 
measure salinity in order to interpret the dissolved 
oxygen measurements. 


Samples may be bottled (see Bottling a Water 
Sample for Classroom Testing Field Guide) and tested 
for pH, alkalinity, nitrate, and salinity or electrical 
conductivity after returning to the classroom. 
Measurement of pH and nitrate should be 
completed within two hours of collecting the 
sample. Alkalinity, electrical conductivity or 
salinity may be conducted within 24 hours. 
However, it is necessary to measure electrical 
conductivity before measuring pH to make sure 
the electrical conductivity is high enough to 
measure pH accurately. See pH Protocol. 


Safety 

Consult the Material Safety Data Sheets (MSDS) 
that come with test kits and buffer solutions. Also 
consult your local school districts safety procedure 
guidelines. If you are testing potentially 
contaminated water or using kits with chemicals, 
latex gloves and safety goggles are strongly 
recommended. 


Disposal of Liquid Waste 


After tests have been conducted, all resulting 
solutions or liquids (except for the ones produced 
by the nitrate analysis and salinity titration) should 
be collected in a wide-mouthed screw top plastic 
waste container and disposed of in a school sink 
or utility sink while flushing with excess water. 
Or, they should be disposed of according to your 
local school districts safety procedure guidelines. 
The wastes from the nitrate analysis and the 
salinity titration (which typically contain cadmium 
and chromate) should be collected in separate 
containers and disposed of according to your local 
school districts safety procedure guidelines. 


Measurements 
(in the order to be taken) 


Maximum time allowed between collecting the 
water sample and taking the measurements 


Transparency (Secchi disk) 


Testing always made in situ 


Transparency (tube) 


10 minutes 


Water Temperature 


10 minutes 


—- 


Dissolved Oxygen 


10 minutes at site or within 2 hours after sample is fixed 


PH (using paper) 


10 minutes on site or 2 hours after sample is bottled 


pH (using meter) 


10 minutes on site or 2 hours after sample is bottled 


Conductivity 


10 minutes on site or 24 hours after sample is bottled 


Salinity (hydrometer) 


10 minutes on site or 24 hours after sample is bottled 


Salinity (titration kit) 


10 minutes on site or 24 hours after sample is bottled 


Alkalinity 10 minutes on site or 24 hours after sample is bottled 
Nitrate 10 minutes on site or 2 hours after sample is bottled 
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Field Guide 


Task 


Collect a water sample in a bucket for testing. 


What You Need 
Û Bucket with rope tied securely to handle 


О Latex gloves (recommended) 


In the Field 


. Rinse the bucket with sample water from the site. To avoid contamination, do not pour the rinse 
water back into the sampling area. Be careful not to disturb the bottom sediment. Do not use 
distilled water to rinse the bucket or use the bucket for any other purpose. 


zt 


Ke: 


Hold tightly onto the rope. If your sampling site is a stream, throw the bucket out to a well-mixed 
area (a riffle), a little distance from the shore. Ideally, the water should be flowing at least slightly 
If you are sampling from a lake, bay, or the ocean, stand on the shore and throw the bucket as far 
out as possible to collect your sample. 


Ww 


. If the bucket floats, jostle the rope until some water enters the bucket. You should always take à 
sample from the top surface water. Be careful not to let the bucket sink to the bottom or stir up 
bottom sediment. 


m 


Allow the bucket to fill about 2/3 to 3/4 full and pull it back in with the rope 


un 


. Immediately begin testing procedures or bottle the sample (see Bottling a Water Sample for 
Classroom Testing Field Guide). 


Casting the bucket. 


Rinsing the water bucket. 
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Bottling a Water Sample for 


Classroom Testing 
Field Guide 


Task 


Bottle a water sample to take back to the classroom for testing pH, conductivity or salinity, alkalinity, 
and nitrate. 


What You Need 
Û 500-mL polyethylene bottle with lid 
Q Permanent marker 


Q Masking tape 


In the Field 


. Label a 500-mL polyethylene bottle with your school’s name, the teachers name, the site 
name, the date and time of collection. 


= 


кә 


. Rinse the bottle and cap with sample water 3 times. 


w 


. Fill the bottle with sample water until the water forms a dome shape at the top of the bottle so 
that, when the cap is put on, no air is trapped inside. 


zB 


Put on the cap and seal the cap of the bottle with masking tape. 


Note: Tape serves as a label, and an indicator of whether the bottle has been opened. Tape 
should NOT be in contact with the water sample itself. 


wn 


. Store these samples in a refrigerator at about 4^ C until they can be tested (within 2 hours for 
pH and nitrate and within 24 hours for alkalinity and salinity or electrical conductivity). 


e 


Once the seal is broken, first do the test for salinity or electrical conductivity, then pH, then 
nitrate test, and then alkalinity, The sample will need to reach 20° - 27° C before testing for 
electrical conductivity. Ideally, all the measurements should be performed during the same lab 
Session. 


G 
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Purpose 
To determine the transparency of water using a 
Secchi disk (still, deep water) or transparency 
tube (flowing or shallow waters) 
Overview 
In still, deep water, students will lower a Secchi 
disk until it cannot be seen and then pull up the 
disk until it just reappears. In flowing or shallow 
waters, students will collect a sample of water in a 
bucket and then pour water into a transparency 
tube just until the bottom of the tube cannot be 
seen. Students will record the depth of water in 
the tube. The depth of water for both the Secchi 
disk and transparency tube depends on the amount 
of suspended and colored material in the water. 
Student Outcomes 
Students will learn to, 
- use the Secchi disk or transparency 
tube; 
~ examine reasons for changes in the 
transparency of a water body; 
` communicate project results with other 
GLOBE schools; 
collaborate with other GLOBE schools 
(within your country or other countries); 
- share observations by submitting data to 
the GLOBE archive. 
Science Concepts 
Earth and Space Sciences 
Water is a solvent. 
Earth materials are solid rocks, soils, water 
and the atmosphere. 
Physical Sciences 
Objects have observable properties. 
Life Science 
Organisms change the environment in 
Which they live. 
Humans can change natural environments. 
All organisms must be able to obtain and 
use resources while living in a 
| constantly changing environment. 
Scientific Inquiry abilities 


U Hen 
7 à transparency tube or Secchi disk to 
Measure water transparency. 


Identify answerable questions. 

Design and conduct scientific 
investigations. 

Use appropriate mathematics to analyze data. 

Develop descriptions and explanations 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and explanations, 


Time 
10 minutes 


Level 
All 


Frequency 
Weekly 


Materials and Tools 
Hydrology Investigation Data Sheet 
Cloud Cover Protocol Field Guide 
Latex gloves 
Secchi Disk Measurement 
- Secchi Disk Transparency Protocol Field 
Guide 
- Secchi disk (with rope) 
- Meter stick 
- Clothespins (optional) 
Transparency Tube Measurement 
- Transparency Tube Transparency Protocol 
Field Guide 
- Collecting a Water Sample in a Bucket 
Field Guide 
- Transparency tube 
- Cup for pouring water into the tube 


Preparation 
If a Secchi disk or transparency tube is not 
purchased, one must be made. 


Prerequisites 


A brief discussion of how the Secchi disk or 
transparency tube is used to measure water 
transparency is necessary before students make 
their first measurement. 


Practice protocol before taking measurements. 
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Water Transparency 
Protocol - Introduction 


How clear is the water? This is an important 
question for those of us who drink water. It is an 
even more important question for the plants and 
animals that live in the water. Suspended particles 
in our water behave similarly to dust in the 
atmosphere. They reduce the depth to which light 
can penetrate. Sunlight provides the energy for 
photosynthesis (the process by which plants grow 
by taking up carbon, nitrogen, phosphorus and 
other nutrients, and releasing oxygen). How 
deeply light penetrates into a water body 
determines the depth to which aquatic plants can 
grow. 


Transparency decreases with the presence of 
molecules and particles that can absorb or scatter 
light. Dark or black material absorb most 
wavelengths of light, whereas white or light 
materials reflect most wavelengths of light. The 
size of a particle is important as well. Small 
particles (diameters less than 1 um) can scatter 
light. 


The fate of light entering a water body depends 
on the amount, composition and size of the 
dissolved and suspended material, “Hard” water 
lakes with lots of suspended Caco, particles 
preferentially scatter blue-green light, whereas 
lakes with organic materials appear more green 
or yellow. Rivers with high loads of sediments 
are often the color of the sediments (e.g. brown) 


Sediments can come from natural and human 
sources. Land with little vegetative cover (such 
as agricultural land and deforested land) can be 
major sources of sediments. Colored organic 
material can come from in situ productions suci 
as detritus and biota or from inputs into the water 
body. 


GLOBE offers two techniques to measure 
transparency. If your hydrology site is at a water 
body that is deep and still (not flowing asa 
stream), use the Secchi disk. If your site is ata 
water body that is shallow or flowing, then you 
need to use the transparency tube. These two 
measurements are related but slightly different. 
Both measure transparency; however, you cannot 
directly compare Secchi disk and transparency 
tube measurements between sites. 


Figure HY-TR-1: Measuring Transparency in Shallow or Running Water 


Transparency Varies with the 
Amount of Substances 
in the Water 


Transparency Tube 


Measures Light Penetration Through 
Surface Waters 


Light Penetrates Through 
the Water Sample 
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Figure HY-TR-2: Measuring Transparency in Deep and Still Water 


—— 


Secchi Disk 


Measures Light Penetration Through 
the Entire Water Column 


Water Surface 


The Secchi disk measures a column of water. Light 
penetration may vary with depth in that column 
of water. Alll light being reflected from the Secchi 
disk is passing through the water from the surface. 
The transparency tube, on the other hand, 
measures the transparency of a sample of water 
taken from just below the surface. Light may enter 
the transparency tube from the sides as well as 
the top. Because the water sampling is different 
(a column vs. a surface sample) and the 
Instrument used does not allow equivalent 
Penetration of light, the two measurements are 
hot directly comparable. Figures HY-TR-1 and HY- 
TR2 illustrate these differences. 


Teacher Support 


Supporting Protocols 


Atmosphere: Atmospheric data, such as 
precipitation and temperature, can be important 
to the interpretation of transparency data. 
Transparency may change rapidly in response to 
inputs of water, such as precipitation or runoff 
from snowmelt. Snowmelt will occur when the 
air temperature warms enough to melt the snow. 


Land Cover: Seasonal changes in land cover may 
affect transparency. For instance, runoff from 
agricultural fields during plowing may cause 
transparency changes. Land cover changes may 
increase erosion rate by exposing the soil. It is 
helpful to know the land cover upstream of your 
Hydrology study site in order to interpret your 
transparency data. 


Supporting Activities 

The Transparency Protocol may be used to illustrate 
how different variables may affect a measurement 
(Practicing Your Protocols: Transparency). Students 
can graph variations in their data resulting from 
taking the measurement in the sun, shade, wearing 
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sunglasses, waiting different amounts of time Instrument Maintenance 


before taking the reading, etc. These experiments 1. Rinse the transparency tube or Secchi dg 
help students to understand the importance of with clean water after use, then let it drain 
following the protocols, as well as help them and dry completely 

identify the variables that affect transparency. 2. Store the tube with an extra PVC "m 

the open end to protect it from damage, 

Meusurement Procedures 3. Do not store meter sticks inside the tube - 
The Transparency Protocol asks for cloud cover dampness may warp the stick or cause ү 
measurements. See the Cloud Protocol in the varnish to peel off. 


OR O Questions for Further Investigation 


Does the transparency of the water change with 
other parameters, such as precipitation, water 
temperature, wind speed and direction, Seasons, 
and land cover? 


Transparency measurements are made in the 
Shade. Glare on the water from sunlight or 
differences in visibility between measurements on 
cloudy days or sunny days may affect the 
measurements. To standardize the data, all 
measurements are made in the shade. How would major changes in land cover around 

your Hydrology Site (e.g., forest fire or clear 
Secchi Disk Protocol cutting) affect water transparency at your site? 
The Secchi Disk Transparency Protocol asks for three 
measurements; 1) the distance between the water 
surface and where the disk disappears, 2) the 
distance between the water surface and where the 
disk reappears, and 3) the distance between the 
observer and the water surface. If you are taking 
measurements at the water surface, then record 
"0" for the last measurement. Knowing the 
distance between the observer and the water 
surface helps scientists better interpret and 
compare data among sites. 


If the Secchi disk reaches the bottom of your water 
body before it disappears, record the depth of the | 
water with a greater sign (e.g., >30 m). 


Do not mark the rope for the Secchi disk with 
distance measurements so that you can read the 
depths directly on the Tope. Often ropes stretch 
when they are wet. It is better to use the meter 
stick than to mark the торе. 
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ò (for deep, still waters) 
Field Guide 


Task 


Measure the transparency of your water sample. 


What You Need 

О Hydrology Investigation Data Sheet О Meter stick 

Ш Cloud Cover Protocol Field Guide ÛJ Pen or pencil 

Ц Secchi disk with rope attached d Clothespins (optional) 
In the Field 
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. Fill in the top portion of the Hydrology Investigation Data Sheet. 
. Record the cloud cover (see Cloud Cover Protocol Field Guide in the Atmosphere Investigation). 


. Stand so that the Secchi disk will be shaded or use an umbrella or piece of cardboard to shade 


the area where the measurement will be made. 


If you cannot reach the water surface, establish a reference height. This can be a railing, a 
persons hip, or the edge of a dock. All measurements should be taken from this point. 


. Lower the disk slowly into the water until it just disappears. 


‚ Mark the rope with a clothespin at the water surface or, if you cannot easily reach the water 


surface (for example, if you are standing on a dock or bridge), mark the rope at your reference 
height. 


Lower the disk another 10 cm into the water, then raise the disk until it reappears. 


Mark the Tope with a clothespin at the water surface or at your reference height. 


There should now be two points marked on the rope. Record the length of the rope between 


each mark and the Secchi disk on your Hydrology Investigation Data Sheet to the nearest cm. If 
the depths differ by more than 10 cm, repeat the measurement and record the new 
Measurements on your Data Sheet 


. Ifyou marked the rope at the water surface, record “0” as the distance between the observer 


and the water surface. 


. Ifyou marked the rope at a reference point, lower the disk until it reaches the surface of the 


Water and mark the rope at the reference point. Record the length of the rope between the 
mark and the Secchi disk as the distance between the observer and the water surface. 


. Repeat steps 5-11 two more times with different students observing. 
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| с, Frequently Asked Questions 


1. When comparing data between sites, do you 
need to make an adjustment for data taken at 
the water surface compared to data taken from 
a bridge or dock? 

This distance is not used to adjust the Secchi disk 
data. However, reporting the distance between 
the observer and the water helps in data 
interpretation. 
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2. My students are using a pond 

for our hydrology measurements, 

They go out in a boat and use a 

Secchi disk for the transparency. We 

are not sure of the two measurements We are 
asked to give. They measure the line at the 
surface of the water to the top of the disk 
when it disappears and reappears, What is 
the other measurement? 

For the other measurement, distance from where 
you read the line to the water surface, you should 
enter zero. Some schools will make Secchi disk 
readings from a bridge or pier, and report the 
depth measured using a reference level that is not 
the water surface, but some distance above the 
water surface. So they need to also enter the 
distance from the pier to the water. That way we 
have all of the raw data in the database. 
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Transparency Тийе Transparency 


Pr otocol (for shallow or flowing waters) 
Field Guide 


Task 


Measure the transparency of your water sample. 


What You Need 

Ц Hydrology Investigation Data Sheet О Cup for pouring water into the tube 
О Collecting Your Water Sample in a Bucket Field Guide J Latex gloves 

О Cloud Cover Protocol Field Guide ÛJ Pen or pencil 


О Transparency tube 


In the Field 
1. Fill in the top portion of the Hydrology Investigation Data Sheet. 


2. Record the cloud cover. See Cloud Cover Protocol Field Guide from Atmosphere Investigation. 


63 


Put on gloves. Collect a surface water sample. See Collecting Your Water Sample in a Bucket Field 
Guide. 


= 


Stand with your back to the sun so that the transparency tube is shaded. 


чл 


‚ Pour sample water slowly into the tube using the cup. Look straight down into the tube with 
your eye close to the tube opening. Stop adding water when you cannot see the pattern at the 
bottom of the tube. 


a 


Rotate the tube slowly as you look to make sure you cannot see any of the pattern. 


ч 


Record the depth of water in the tube on your Hydrology Investigation Data Sheet to the nearest 
cm. Note: If you can still see the disk on the bottom of the tube after the tube is filled, record 
the depth as $120 cm. 


со 


Pour the water from the tube back into the sample bucket or mix up the remaining sample. 


9. Repeat the measurement two more times with different observers using the same sample 
Water. 
со 
BE? 2003 Water Transparency Protocol - 7 Hydrology 


Frequently Asked Questions d 
1. Is it all right to make a small hole { 
__ in the transparency tube near the ina 
_ bottom, fill the tube with water, then slowly © 
.. release water until the pattern at the bottom | 
appears? 

This method is acceptable as long as the 

` measurement is made very quickly. Particles settle 

"A. quickly, especially if they are being pulled down 

| _ by water being released at the bottom. The reading 

. must be made before particles settle and obscure 

the pattern. 
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Water Transparency 
Protocol ~ 
Looking at the Data 


Are the data reasonable? 


As always the first thing a researcher should ask 
when looking at data is: Does the data seem 
reasonable and make sense? However, when 
dealing with transparency data, this might not be 
an easy question to answer. As some general 
guidelines, most natural waters have transparency 
values ranging from 1 meter to a few meters. A low 
value, less than 1 meter, would be expected in a 
highly productive (i.e., lots of microscopic algae) 
body of water. A low value can be due also to a high 
concentration of suspended solids. Extremely clear 
lakes, coastal waters and areas around coral reefs 
can have transparency values of up to 30-40 m. 


Transparency values, however, can be highly 
variable, even within a single body of water. 
Suspended particulates of varying nature effect 
how transparent a water body is. Some of these 
substances include soil, algae and other planktonic 
organisms, decaying leaves, and various 
pollutants. Transparency can also change with 
Tespect to time. For example, a large rainstorm 
could drastically reduce the transparency in a 
stream, river or pond over the course of minutes 
by the introduction of turbid runoff. A sudden 
warming during spring can produce a large influx 
of snowmelt that could increase the transparency. 
Since transparency is very site specific, the best 
Way to see if the data are reasonable is to keep 
lecting samples over several years or longer. The 
data in Figure HY-TR-3 seem reasonable because the 
Points in this data show a temporal trend. The large 
number of consistent data points makes this trend 
Apparent, When looking at Figure HY-TR-4 the 
Pies че of these data points makes it unclear 
eng se * reasonable. A more consistent data 
issue E Show that a trend is indeed present. 
bs б. ese data could be perfectly reasonable 
lice е of a trend because. its erratic 
[APR € caused by any combination of 
entioned factors. 


о 
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What do scientists look for in these 
data? 


Transparency data can give a good indication of 
the biological productivity of a water body. 
Typically a productive lake will have low 
transparency due to an abundance of biota 
(particularly algae). If the Secchi depth is less than 
1 m, small changes in nutrient inputs can cause 
major changes in productivity and therefore in 
transparency. During warm weather in highly 
productive lakes, oxygen depletion can occur, 
causing massive fish kills. The depth to which light 
penetrates determines the depth at which rooted 
plants can grow. 


Yearly trends in transparency data can be used to 
investigate annual cycles within a water body. A 
good example of this is the data in Figure HY-TR-3 
that was taken from the inlet of a reservoir in 
Czech Republic. There is an apparent increase in 
transparency during winter months and a decrease 
in transparency for the summer months. One 
possible explanation is that algae are a major factor 
affecting the transparency of this water body. In 
the summer months, the algae are in greater 
abundance causing the transparency to decrease. 
Winter months, decreased sunlight, and cold 
temperatures are usually associated with low algal 
production leading to an increase in transparency. 
Seasonal trends in precipitation might be seen in 
the transparency data as well. 


Transparency is not a good indicator of water 
quality. It provides information on how many 
particulates are in a water sample, but does not 
reveal the nature of these particulates. Therefore, a 
clear water sample with a high transparency could 
contain harmful substances while a more turbid 
sample with lower transparency could be harmless. 


Example of a Student Research 
Investigation. 

Forming a Hypothesis 

A student decides to look for seasonal variations 
in GLOBE transparency measurements. He first 
looks for GLOBE schools that have taken 
transparency data. In order to have enough data 
points to draw some conclusions, he looks only 
at schools that have taken 30 or more transparency 
measurements. 
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He finds an interesting trend in the data from 
Crescent Elk School, California. The measurement 
site, Elk Creek, shows higher transparency values 
in the summer months and lower values in the 
winter months. This student realizes that this 
trend is the opposite of what one would expect if 
algal growth was the primary factor controlling 
transparency. The student remembers learning 
somewhere that the winter months are the rainy 
season for the West Coast of the United States. 


Since quite often increased rainfall is associated 
with increased runoff, he hypothesizes that in Elk 
Creek transparency levels will be lower during the 
raining season and higher during the dry season. 


Collecting and Analyzing Data 

Using the GLOBE Web site, the student plots both 
the transparency tube measurements and the 
precipitation data for Elk Creek from July 1998 
to July 2001. From this graph there appears to be 
a correlation between the two data sets. See Figure 
HY-TR-5. 


He then downloads the monthly averages for 
precipitation and transparency tube measure- 
ments for this site (Table HY-TR-1). He then plots 
the data on two different axes in a plotting 
program. It is now apparent from this plot that 
there is indeed a correlation between precipitation 
and transparency in the Crescent Elk data (Figure 
HY-TR-6). The correlation is best seen in the data 
from the summer months of 1998 to the winter 
months of 1999, The transparency plot is inversely 
Proportional to the precipitation for this time. In 
other words, the transparency decreases as the 
amount of precipitation increases. There are some 
extraneous peaks in the transparency data, but 
this can be expected. Transparency is influenced 
by many additional factors other than 
Precipitation. 


The precipitation for 2000 was more sporadic for 
this site. It does not show as strong a seasonal 
trend as the other years examined. This is also 
reflected in the transparency data for this time period. 


Based on these results he concludes that the initial 
hypothesis was partially supported by the data. It 
appears that the transparency for the Elk Creek 
site is influenced by Precipitation events, however 
there are other factors also affecting transparency. 


Future Work 


He now wants to contact the Elk Creek Schoo) | 
and discuss his hypothesis with them. The school 
might be able to provide clues as to what other 
factors may be influencing the transparency in the 
creek. 


He is curious to look at other school data to seeif 
the pattern for transparency is similar or different 


Table HY-TR-1 


Month Ave. Turb. Tube 


| (mm) (cm) 
71/998 | 0 125 
8/1998 0 125 
9/1998 0 125 
10/1998 88.3 101 
11/1998 431.4 
1 
12/1998 265.0 101 
T 
1/1999 188.4 96 
T^ 
2/1999 390.1 | 102 
3/1999 | . 90 
4/1999 | ~ LE 


5/1999 
6/1999 


7/1999 110 | 
8/1999 115 
17 


9/1999 
10/1999 
11/1999 
12/1999 


3/2000 al 
4/2000 
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Figure HY-TR-5 


Figure HY-TR-6 
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Purpose 


To measure the temperature of a water sample 


Overview 
Students use an alcohol-filled thermometer to 
measure the temperature of water. 


Student Outcomes 
Students will learn, 

- how to use a thermometer; 

- examine reasons for changes in the 

temperature of a water body; 

- communicate project results with 

other GLOBE schools; 

- collaborate with other GLOBE schools 
(within your country or other 
countries); and 

- share observations by submitting data 
to the GLOBE archive. 


Science Concepts 
Earth and Space Sciences 


Earth materials are solid rocks, soils, water 
and the atmosphere. 


Physical Sciences 
Objects have observable properties. 


Life Science 

Organisms can only survive in 
environments where their needs are met. 

Earth has many different environments that 
Support different combinations of 
organisms. 

Humans can change natural environments. 

All organisms must be able to obtain and 
use resources while living in a constantly 
changing environment. 


Scientific Inquiry Abilities 
Use a thermometer to measure water 
temperature. 
Identify answerable questions. 


Design and conduct scientific 
Investigations. 


Use appropriate mathematics to analyze 
data. 

Develop descriptions and explanations 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and 
explanations. 


Time 
10 minutes; Calibration: 5 minutes 


Level 
All 


Frequency 


Weekly 
Calibration every 3 months 


Materials and Tools 
Hydrology Investigation Data Sheet 
Water Temperature Protocol Field Guide 
Alcohol-filled thermometer 
Latex gloves 
Clock or watch 
Enough string to lower the thermometer 
into the water 


Rubber band 
For Calibration: 
- Calibrating the Hydrology 
Thermometer Lab Guide 
- Thermometer 
- 400 mL ice 
- Distilled water 
- 500 mL beaker 
Preparation 
None 
Prerequisites 
None 
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Water Temperature. 
Protocol - Introduction 


Temperature is an easy measurement to make. It 
is, however, very important because it allows 
scientists to better understand other hydrology 
measurements such as dissolved oxygen, pH and 
conductivity. 


Temperature influences the amount and diversity 
of aquatic life. Lakes that are cold and have little 
plant life in winter, bloom in spring and summer 
when water temperatures rise and the nutrient- 
rich bottom waters mix with the upper waters. 
Because of this mixing and the warmer water 
temperatures, the spring overturn is followed by 
a period of rapid growth of microscopic aquatic 
plants and animals. Many fish and other aquatic 
animals also spawn at this time of year when the 
temperatures rise and food is abundant. Shallow 
lakes are an exception to this cycle, as they mix 
throughout the year. 


Water temperature is also important because 
warm water can be fatal for sensitive species, such 
as trout or salmon, which require cold, oxygen- 
tich conditions. Warmer water tends to have lower 
levels of dissolved oxygen. 


Finally, water temperature is important for 
understanding local and global weather patterns, 
Water temperatures change differently than air 
temperatures because water has a higher heat 
capacity than air. Water also helps to change air 
temperature through the processes of evaporation 
and condensation. 


d 
Inaccurate but Inaccurate a 
Precise Imprecis 
GLOBE" 2003 Water Temperature P 3 


Teacher Support 
Advance Preparation 


Use the Practicing Your Protocols: Water Temperature 
Learning Activity to help students explore sources 
oferror in their temperature collection procedure 


Make sure that the thermometer has been 
calibrated within 3 months, 


Supporting Protocols 


Air and Soil Temperature Protocols: Integration of 
the water temperature with atmosphere and soil 
temperatures provides an excellent example of 
how different substances transfer and retain heat 
differently, resulting in a better understanding of 
how energy is transferred and stored in the Earths 
System. 


Supporting Activities 


The measurement of water temperature provides 
a good opportunity for teachers to introduce basic 
concepts of data accuracy and precision. 


Data are accurate when the sample average 
(average of student observations) is equal to the 
true average. Data are precise when the student 
observations fall within a narrow range. Results 
may be accurate, though imprecise, when students 
have a wide scatter in their observations. 


Figure HY-TE- 1: Accuracy vs. Precision 


Accurate and 
Imprecise 


Accurate and 
Precise 


Hydroloe i 


Results may be precise, though inaccurate, when 
student measurements are within a narrow range, 
but when the mean does not equal the true mean. 


The GLOBE Hydrology Temperature Protocol is 
designed so that the data students’ report are both 
accurate and precise. Students are required to take 
at least three measurements and then calculate 
the mean. If any of the observations fall more than 
1.0" Caway from the mean, the measurement is done 
again to improve the precision of the data. 


Measurement Procedures 


Because water temperature is an easy 
measurement to take, students sometimes become 
careless about following the protocol. Sources of 
error include not leaving the instrument in the 
water long enough to stabilize, removing the 
thermometer from the water so that the 
measurement changes before it can be read, and 
not reading the thermometer at eye level. 


Except for transparency, water temperature is 
taken before the other water measurements. Take 
the water temperature measurement as soon as 
possible after the water sample is taken because 
temperature tends to change very rapidly after a 
sample is collected. 


Read the temperature value on the thermometer 
While the bulb of the thermometer is in the water. 
The temperature reading can change quickly once 
the thermometer is out of the water, especially if 
the air temperature is very different from the water 
temperature or if it is windy. Wind can cause 


evaporation to occur rapidly, lowering the 
temperature 


ltisimporaant that the water temperature be taken 
atthe same place every week. There may be several 
degrees of difference in water temperature over a 
Small area in your water body: sunny areas vs. 
Shady areas, or shallow and deeper areas. 


зү а string, long enough to reach the water, 
i d uP of the thermometer. Tie a rubber band 
di other end of the string. Have students slip 

Tübber band over their wrist when taking the 


te " 
"perature to avoid dropping or losing the 
Instrument. 


The alcohol column in the thermometer may 
become separated, especially if the thermometer 
is not stored in an upright position. Students are 
asked to examine their instrument and report this 
problem to the teacher. The column may be 
rejoined by holding tightly to the top of the 
thermometer and shaking it down or swinging it. 


Instrument Maintenance 

1. Make sure that the string and rubber band 
attached to the thermometer are not frayed 
before each use. 

2. Store the thermometer upright in a beaker 
or other holder. Storing the thermometer 
on its end prevents the alcohol column 
from separating. 

3. Make sure that the alcohol column is 
continuous and has not become separated. 


Helpful Hints 

Use the Calibrating the Hydrology Thermometer Lab 
Guide to check the accuracy of a new thermometer. 
If the new thermometer is not reading correctly, 
contact the manufacturer. 


Questions for Further Investigation 
How does a sudden change in air temperature 
affect water temperature? 


Is the range of air temperature different in areas 
next to large water bodies as compared to areas 
away from water bodies? 


How do water temperatures compare to air 
temperatures in the winter? In the summer? 
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Calibrating the Hydrology 


Thermometer 
Lab Guide 


Task 
Calibrate the alcohol-filled thermometer. 


What You Need 
ÛJ Alcohol-filled thermometer О 100-mL distilled water 
J 500 mL beaker О 400-mL crushed ice 


What to Do 


1. 


won 


- Cr A7 Ж 


o o 


. If the thermometer does not read the 
the 


Stir together 100 mL of water and 400 mL of crushed ice in the beaker to make an ice-water 
bath. 


Let the ice-water bath sit for 10 to 15 minutes so that it reaches its lowest temperature. 


. Put the bulb of the thermometer into the bath. Gently move the thermometer around in the 


ice-water bath. 


. Leave the thermometer in the water for three minutes. 
‚ Read the temperature without removing the bulb of the thermometer from the water. 
‚ Let the thermometer stay in the water sample for one more minute. 


. Read the temperature again. If the temperature has not changed, go to Step 8. If the 


temperature has changed since the last reading, Tepeat Step 6 until the temperature stays the 
same. 


The thermometer should read between -0.5* and ORC 


rmometers do not have an adjustment and must be replaced if they do not read 
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Water Temperature Protocol 


Field Guide 


Task 


Measure the temperature of your water. 


What You Need 


О] Hydrology Investigation Data Sheet ÛJ Alcohol-filled thermometer 
(with string and rubber band attached) 


Clock or watch n Fe ad 


ÛJ Pen or pencil 


In the Field 
. Fill out the top portion of your Hydrology Investigation Data Sheet. 


Ne 


. Put on the gloves. 


w 


into the water. 


ES 


liquid. If the liquid line is separated, notify your teacher. 


[9i 


- Put the bulb end of the thermometer into the sample water to a depth of 10 cm. 


6. Leave the thermometer in the water for three minutes. 


гч 


Read the temperature without removing the bulb of the thermometer from the water. 


со 


. Let the thermometer stay in the water sample for one more minute. 


9. Read the temperature again. If the temperature has not changed, go to Step 10. If the 
changed since the last reading, repeat Step 8 until the temperature stays the same. 


10. Record the temperature on the Hydrology Investigation Data Sheet. 
11. Have two other students repeat the measurement with new water samples. 


. Calculate the average of the three measurements. 


. Slip the rubber band around your wrist so that the thermometer is not accidentally lost or dropped 


. Check the alcohol column on your thermometer to make sure there are no air bubbles trapped in the 


temperature has 


13. All temperatures should be within 1.0" С of the average. If they are not, repeat the measurement. 
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Frequently Asked Questions 

1. I noticed on the GLOBE Web site that some 
schools were reporting water temperatures 
below 0.0° C. Is this possible? 

Yes. Distilled water will freeze at 0.0* C, but adding 
dissolved particles in the water may lower the 
freezing point. 


2. Why is the water temperature 
sometimes colder and sometimes 
warmer than the air temperature? 

Water has a higher specific heat than air. 

This means it takes water longer to heat Up and 
longer to cool down than it does air. As а result 
air responds much more quickly than Water 0 
changes іп temperature 


Source: Jan Smolil i 
Ik, 1996, TEREZA, Association for Environmental Education, Czech Republic 
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Water Temperature 


Protocol — 
Looking at the Data 


Are the data reasonable? 


Water temperature generally shows strong 
seasonal patterns. Graph the water temperature 
over time to create a picture of these patterns. 
Extreme outliers should be easy to recognize. An 
outlier is a measurement that has a value very 
different from the values of other data taken on 
days shortly before or after the extreme value. 
Also, graph the water temperature with the air 
temperature. Since water temperature generally 
changes more slowly than air temperature, there 
will be a delay (days to weeks) in changes of water 
temperature compared to air temperature. The 
range of water temperatures will also be narrower. 


Can the water temperature be below zero? Many 
students believe they have found an error if the 
Water temperature is a negative number. However, 
0.0° C is the freezing point for distilled water. 
Water that has dissolved salts has a lower freezing 
point. 


What do scientists look for in these 
data? 


Water temperature is sometimes called a master 
variable because almost all properties of water, as 
Well as chemical reactions taking place in it, are 
affected by it. Dissolved oxygen is strongly 
correlated with temperature. A graph of the water 
temperature and dissolved oxygen shows that 
oxygen solubility increases for colder 
temperatures. 


Sudden increases or decreases of water 
temperature are unusual. Water has a higher heat 
Capacity (specific heat) than air, thus it heats and 
Cools more slowly. Unusual swings in water 
EE кы of the expected seasonal patterns 

. >e Investigated. Identify the watershed for 
Oe у Possible sources of sudden temperature 
de a be due to release of water from 

ams, factories, or snowmelt. 


Example of a Student Research Project 


Project 1 

Forming a Hypothesis 

Students in Czech Republic are examining plots 
of water temperature. They are plotting the 
average monthly water temperatures for several 
surface water sites in Czech Republic. They notice 
an interesting trend in the data for SWS-01, 
collected by Zakladni Skola Bystrice Nad 
Perstejnem. Site metadata indicates that this water 
body is the Bystrice River. According to their plot 
(Figure HY-TE-2), average monthly water 
temperature in the summer months (June, July, 
August) seems to be increasing each year from 
1997 through 2001. 


The students hypothesize that: increases in water 
temperature are a result of increase in air temperature. 


Collecting and Analyzing Data 

The students create a plot combining monthly 
mean air temperature and surface water 
temperature on the same plot (Figure HY-TE-3). 
Air temperature is clearly increasing in the 
summers over this same time period, except in 
July 2000, when air temperature and water 
temperature are both lower. Therefore, the students 
conclude the rising summer air temperature is 
responsible for the rising stream temperature. 
Their hypothesis is correct. 


Note: In Figure HY-TE-3, the scale for the water 
temperature is on the left side of the graph, and 
the scale for the water temperature is on the right 
side of the graph. The scales are not the same. 
Downloading and plotting the data on the same 
scale — see Figure HY-TE-4, for an example — can 
also be useful, and allow you to more easily 
compare the actual values, and not just the trends. 


Communicating Results 
The students present this result to their class and 


use it as the starting point for a discussion. Next 
ask the question: Is this trend seen at all nearby 


sites? 
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Project 2 

Forming a Hypothesis 

The students who worked on the previous project 
are interested in continuing their research. They 
now want to know if the trends they observed for 
the surface water in the Bystrice River appears in 
other areas nearby. In other words, is this local 
occurrence or is it fairly widespread? 


They hypothesize that: other sites nearby should 
show the same increase in water temperature and air 
temperature. 


Collecting and Analyzing Data 

They look at the surface water data for their 
country on the GLOBE server and see that the 
four schools with the most surface water data are: 
Zakladni Skola - Ekolog. Praktikum in Jicin; 
Zakladni Skola, Bystrice Nad Perstejnem in 
Bystrice; Zakladni Skola Banov in Banov; and 
Zakladni Skola, Postoloprty in Postoloprty. 


They have already looked at the data for the 
Brystrice River. The other three surface water sites 
are the Cidlina River in Jicin, the Ordejov 
Reservoir in Banov, and the Ohre River in 
Postoloprty. (Note: To see the names and 
descriptions of some of the water bodies, it is 
useful to check the site information/metadata on 
the sites!) 


First they make combined plots of the water 
temperature at all the schools and plot them. The 
three new sites are shown in Figures HY-TE-5 
through Figure HY-TE-7. 


At two of the schools, Zakladni Skola Banov and 
Zakladni Skola Jicin, the site number changed 
from SWS-01 School Location to a new site 
number with the proper name of the water body 
(Cidlini River and Ordejov Reservoir), which is 
why data from more than one surface water site is 
plotted. 


The students do not see any apparent trends in 
summer stream temperature on the Cidlini River 
or the Ohre River). There appears to be a slight 
Increase in summer air temperature at Banov, but 
it is not as large as the increase at Bystrice Nad 
Perstejnem. A water temperature change is not as 
obvious either. There are no water temperature 
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data from summer 1999, so trends in Water 
temperature across the five-year perioq are hard 
to judge. 


The students conclude that the increase in air and 
water temperature that occurred at Bystrice Nad 
Perstejnem did not occur in at least two of the 
other three sites. They conclude that their 
hypothesis is not valid. 


Communicating Results 


The students combine the result of this project 
with the previous project and write a report for 
their class. They submit their report to the GLOBE 
site under Student Investigations. 


Future Research Questions 


What happens to water temperature at these for 
sites after 2001? 


Do any other sites show increasing (or decreasing) 
trends in temperature? 


How much can water temperature increase before 
dissolved oxygen levels begin to get dangerously 
low? Are any of these water bodies at risk? 


Hydrology 


Figure HY-TE-2 
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Figure HY-TE-3 
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Figure HY-TE-5 


® 4. Zakladni Skola - Ekolog. Praktikum-Jicin, CZ 
® 


°C-alr 
о 


Lo em 
© BRS 08 Nera! Caine ae Jicin-CZ vem 
pp 
GLOBE* 2003 


Water Temperature Protocol - 10 


нуйго!0$У 


чыч 


Figure HY-TE-6 
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Dissolved Oxygen Protocol 


Purpose 
To measure the amount of oxygen dissolved in 
water 


Overview 

Students will use a dissolved oxygen kit to 
measure the dissolved oxygen in the water at 
their hydrology site. The exact procedure 
depends on the instructions in the dissolved 
oxygen kit used. 


Student Outcomes 
Students will learn to, 

- use a dissolved oxygen kit; 
examine reasons for changes in the 
dissolved oxygen of a water body; 
communicate project results with other 
GLOBE schools; 
collaborate with other GLOBE schools 
(within your country or other countries); 
and 


~ share observations by submitting data to 
the GLOBE archive. 


Science Concepts 
Earth and Space Science 

Earth materials are solid rocks, soils, water 
and the atmosphere. 

Water is a solvent. 

Each element moves among different 
reservoirs (biosphere, lithosphere, 
atmosphere, hydrosphere). 

Physical Sciences 
Objects have observable properties. 
Life Sciences 

Organisms can only survive in 
environments where their needs are met. 

Earth has many different environments that 
Support different combinations of 
organisms. 

Organisms change the environment in 
Which they live, 

Humans can change natural environments. 


D 


All organisms must be able to obtain and 
use resources while living in a 
constantly changing environment. 

Scientific Inquiry Abilities 

Use a chemical test kit to measure 
dissolved oxygen. 

Identify answerable questions. 

Design and conduct scientific investigations. 

Use appropriate mathematics to analyze data. 

Develop descriptions and explanations 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and explanations. 


Time 
20 minutes 
Quality Control Procedure: 20 minutes 


Level 
Middle and Secondary 


Frequency 
Weekly 
Quality Control Procedure every 6 months 


Materials and Tools 
Hydrology Investigation Data Sheet 
Dissolved Oxygen Protocol Field Guide 
Dissolved oxygen kit 
Latex gloves 
Safety goggles 
Waste bottle with cap 
Distilled water 
For Quality Control Procedure: 
- 100-mL graduated cylinder 
- 250-mL polyethylene bottle with lid 
- Clock or watch 
- Thermometer 
- Solubility of Oxygen Table 
- Correction for Elevation Table 
- Hydrology Investigation Quality Control 
Procedure Data Sheet 
- Quality Control Procedure for Dissolved 
Oxygen Lab Guide 


GLOBE® 2003 


Dissolved Oxygen Protocol - 1 


Hydrology 


uonmnponu] 


SJO2010Jd 


рәл/ 


ш 


5әшлиоу Su 


JN 
FA 


А 


usddy 


Pa dd 


S 


€ 


Preparation 
Suggested activity: Practicing Your Protocols: 
Dissolved Oxygen 


Find out what the elevation is at your school. 


Dissolved Oxygen 
Protocol - Introduction 


The GLOBE Dissolved Oxygen Protocol measures 
the amount of molecular oxygen (O,) dissolved 
in water. It does not measure the amount of 
oxygen in the water molecule (H,O). Students 
often confuse the oxygen that is part of the water 
molecule (the O in H,O) with dissolved oxygen 
(0). 


Just like animals that live on land, animals that 
live in water need molecular oxygen to breathe. 
However, there is much more oxygen available in 
the atmosphere for animal respiration than in 
water. Roughly, two out of ten air molecules are 
molecular oxygen. In water, however, there are 
only five or six oxygen molecules for every million 
water molecules. The amount of dissolved oxygen 
in the water determines what can live there. Some 
animals, like salmon or mayfly larvae, require 
higher oxygen levels than other animals like 
catfish or leeches. 


We call the amount of dissolved oxygen the water 
will hold (under specific conditions) the solubility 
of dissolved oxygen. Factors affecting the 
solubility of dissolved oxygen include water 
temperature, atmospheric pressure, and salinity. 


Cold water can dissolve more oxygen than warm 
water. For example, at 25° C, dissolved oxygen 
solubility is 8.3 mg/L, whereas at 4° C the 
solubility is 13.1 mg/L. As temperature goes up, 
water releases some of its oxygen into the air. 
Water can hold less dissolved oxygen at higher 
elevations because there is less pressure. Solubility 


of dissolved oxygen also decreases as salinity 
increases. 
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Prerequisites 
Discussion of safety procedures when Using 
chemical test kits n 


Dissolved oxygen can be added to water by plants 
during photosynthesis, through diffusion from the 
atmosphere, or by aeration. Aeration occurs when 
water is mixed with air. Such mixing occurs in 
waves, riffles, and waterfalls. 


The amount of dissolved oxygen also is affected 
by what lives in the water. Just as photosynthesis 
by terrestrial plants adds oxygen to the air we 
breathe, photosynthesis by aquatic plants 
contributes dissolved oxygen to the water. Water 
may become supersaturated, meaning that the 
dissolved oxygen levels are greater than its 
solubility. The extra dissolved oxygen would then 
eventually be released back into the air or be 
removed through respiration 


The living biota of water systems makes up only 
avery small portion of the total organic matter of 
the system. Most organic matter in aquatic 
ecosystems is non-living and it is collectively 
referred to as detritus. The organic matter can be 
produced in situ or enter water bodies from the 
surrounding land (from both natural and human 
sources). The cycling of organic carbon between 
living and nonliving components is known as thè 
carbon cycle. Organic matter is produced during 
photosynthesis and is consumed e. 
respiration. During respiration, biota (fish, 
bacteria, etc.) consume dissolved oxygen. 


= E 


Teacher Support 


Supporting Protocols 

Water Temperature: Oxygen solubility is dependent 
on temperature. It is therefore important to collect 
water temperature data along with dissolved 
oxygen data. 


Atmosphere Protocols: Atmosphere measurements 
such as cloud cover, precipitation, and air 
temperature may also be useful in interpreting 
dissolved oxygen data. Increased cloud cover, for 
instance, may result in a decrease in 
photosynthesis during the day. 


Land Cover: It is also useful for hydrology 
measurements to know about the land cover in 
your watershed. The land cover in a watershed 
can influence the amount of organic matter in the 
aquatic environment. 


Advance Preparation 


Students should do the quality control procedure 
as described in the Quality Control Procedure for 
Dissolved Oxygen Lab Guide to test both the 
accuracy of their procedure and the precision of 
the kits. Doing the quality control will give 
Students, teachers, and scientists confidence that 
the tests are being done properly. 


Determine the elevation at the location (e.g., 
School) where the quality control procedure will 
be performed, 


Measurement Procedure 


Dissolved oxygen test kits involve two parts — 
sample preservation (stabilization or fixing) and 
sample testing. Preservation involves the addition 
of a chemical to the sample that precipitates in 
the Presence of dissolved oxygen, followed by the 
addition of a chemical that produces a colored 
ой Testing involves adding drops ofa titrant 
Solution until the color disappears. The dissolved 


oxygen value is calculated from the volume of 
titrant added. 


Peles of dissolved oxygen in the water can 
"A ^ ар after the sample has been collected. 
hears i ore important to do this test soon after 

P'e is collected. The water sample for the 


dissolved oxygen test should be ‘fixed’ at the water 
site (see instructions in your dissolved oxygen kit). 
After the sample is fixed, the sample may be taken 
back to the school to finish the test. 


In following the instructions in the test kit, the 
following techniques should be followed. 


Make sure there is no air in the bottle that contains 
the water you will test. To check for air bubbles 
in the sample bottle, turn the bottle upside down 
while it is capped and look for bubbles. 


* Hold bottles and droppers vertically when 
adding drops of reagent to your water 
sample so that all of the drops of reagents 
are the same size. 

If students are asked to ‘mix’, they should 
cap the bottle and do a ‘windshield wiper 
motion’ to gently mix the chemicals. 

The precipitate is settled when there is a 
distinct line between the clear liquid at the 
top and the settled material at the bottom 
(fresh water). It takes a long time (greater 
than 15 minutes) for the precipitate to 
settle in salty and brackish water. Wait 
until there is a distinct line between clear 
liquid and settled material in the lower 
half of the bottle. 

Make sure you have no air bubbles in your 
titrator when you fill it. 

If your kit asks you to titrate to a “pale 
yellow”, hold a sheet of white paper 
behind the bottle and continue titration 
until the liquid is almost clear before 
adding the starch solution. 

There is no elevation compensation required when 
measuring the actual amount of dissolved oxygen 
ina water sample from your Hydrology Site. This 
is only done or the quality control procedure. 


Quality Control Procedure 

For the quality control procedure, students 
compare the measured dissolved oxygen in their 
standard solution with the saturated value from 
the table in order to determine if their kit and 
procedures are correct. 


To make a saturated standard, students saturate 
distilled water by shaking a partially filled bottle 
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of distilled water for 5 minutes. Since the solubility 
decreases with increasing temperature, increasing 
salinity, and decreasing air pressure, we control 
these variables in our dissolved oxygen standard 
by using distilled water, and correcting for the 
water temperature and elevation (an indirect 
measure of air pressure). You need to know the 
elevation (e.g., your school) where the procedure 
will be done. Table HY-DO-2 contains the 
correction values for various atmospheric 
pressures and elevations. 


The shaken standard can be poured directly into 
the sample bottle until the bottle is completely 
filled. You will not add oxygen to the sample by 
pouring it since the water sample is already 
saturated with oxygen. After the sample bottle is 
filled, follow the instructions for the kit to measure 
the amount of dissolved oxygen. 


Safety Precautions 


* Students should wear gloves and goggles 
when handling chemicals and water that 
may contain potentially harmful 
substances such as bacteria or industrial 
waste. 

Local authorities should be consulted on 
the proper disposal of used chemicals. 


Helpful Hints 


Mark each item in the kit with a dot of paint or 
nail polish of the same color. Mark other kits with 
different colors to avoid having chemicals or 
titrators exchanged between kits, 
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Managing Students 


If there is not enough time to have Students 
measure the dissolved oxygen of three different 
samples at the hydrology site, have one or more 
students perform the whole measurement. Then 
have the other students use the same fixed sample 
for sample testing later in the classroom or lab, 


Instrument Maintenance 
1. Chemicals should be tightly capped 
immediately after they are used. 
2. Rinse the sample bottle and titration tube 
with distilled water after use. 


w 


. Discard chemicals from the dropper or 
titrator. They should not be put back into 
the original containers because they may 
be contaminated 

Do not rinse the titrator with distilled 
water as long as it has not been 
contaminated. Rinsing with distilled water 
often leaves a drop of water in the titrator 
that is difficult to remove. 

5. Store the titrator with the plunger 
removed to avoid the rubber end sticking 
in the tube. 


Questions for Further Investigation 


How would a change in the amount of dissolved 
oxygen affect what lives in a water body? 
osphere 


= 


How could warming or cooling of the atm 
affect the amount of dissolved oxygen in your 
water? 


1 
How could changes in the land cover around you 


; pa en 
water site affect the amount of dissolved охуй 
in your water? 
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Quality Control Procedure for 
Dissolved Oxygen 


Lab Guide 


Task 
Check the accuracy of your dissolved oxygen kit. Practice using your dissolved oxygen kit properly. 


What You Need 


ÛJ Hydrology Investigation Quality L] Dissolved oxygen test kit 
Control Data Sheet 


О Latex gloves 
Ц Distilled water 


 100-mL graduated cylinder Goggles 
Ч 250-mL polyethylene bottle with lid Ш Pen or pencil 
Thermometer ÛJ Clock or watch 


C] Waste bottle with cap for 
discarding used chemicals 


What To Do 


. Rinse the 250-mL bottle twice with distilled water. 


Roe 


Pour 100 mL of distilled water into the 250-mL bottle. 


w 


. Put the lid on the bottle. Shake the bottle vigorously for 5 minutes. This is the standard you will use 
to test your kit. 


EN 


. Uncap the bottle and take the temperature of the water (see Water Temperature Protocol Field Guide). 
Be sure the tip of the thermometer does not touch the bottom or sides of the bottle. 


[I 


Record the temperature of the distilled water standard on the Hydrology Investigation Quality Control 
Data Sheet. 


о 


Pour the standard into the sample bottle in your dissolved oxygen kit. Fill the sample bottle 
completely to the top. Put the lid on the sample bottle. Turn the bottle upside down while it is 
capped. There should not be any air bubbles. 


Note: It is not necessary to immerse the sample bottle in the water to collect your sample when you 
are doing the quality control procedure. 
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Quality Control Procedure for Dissolved Oxygen Lab Guide — Page 2 


7. Put on your gloves and protective goggles. 


8. Follow the directions in your dissolved oxygen kit to measure the dissolved oxygen of your 


standard. 


Record the amount of dissolved oxygen (mg/L) in your standard on your Hydrology 
Investigation Quality Control Data Sheet. 


10. Look up the temperature you recorded earlier on the Solubility of Oxygen Table. 
See Table HY-DO-1. 

11. Record the solubility for your water temperature. 

12. Find the elevation closest to yours on the Correction for Elevation/Pressure Table. 
See Table HY-DO-2. 

13. Record the correction value for your elevation. 

14. Multiply the solubility of your standard times the correction value. This is the expected 
amount of dissolved oxygen in your standard. 

15. Compare the amount of dissolved oxygen you measured with the kit to the expected amount 
for your standard. 

16. If the measurement is within +1mg/L, record the dissolved oxygen value on the Hydrology 
Investigation Quality Control Procedure Data Sheet. If the measurement is not within this range, 
repeat the entire quality control procedure. 

17. If your measurements are still not in range, record the value you got and report to your 
teacher that the kit is not working properly, 

18. Pour all used chemicals into the waste bottle. Clean your kit with distilled water. 
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Table HY-DO-1: Solubility of Oxygen in Fresh Water Exposed to Air at 760 mm Hg Pressure 
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| Temp °C Solubility mg/L Temp °C Solubility mg/L | Temp °C Solubility mg/L 
oo 14.6 16 9.9 32 73 
1 = 17 9.7 33 72 
2 3.8 18 9.5 34 71 
3 33 19 9.3 35 7.0 
4 13.1 20 9.1 36 6.8 
5 12.8 21 8.9 37 67 
6 12:5 22 8.7 38 6.6 
7 21 23 8.6 39 6.5 
8 11.9 24 8.4 40 64 
9 1.6 25 8.3 41 6.3 
10 13 26 81 42 6.2 
11 11.0 27 8.0 43 6.1 
12 10.8 28 7.8 44 6.0 
13 0.5 29 77 45 5.9 
14 10.3 30 7.6 46 5.8 
15 10.1 31 74 47 5.7 
Table HY-DO-2: Correction Values For Various Atmospheric Pressures and Elevations 
Pressure elev Correction | Pressure elev Correction 
millibars m value 96 all millibars m value % | 
1023 -84 1.01 841 1544 0.83 
1013 0 1.00 831 1643 0.82 
1003 85 0.99 821 1743 0.81 
993 170 0.98 811 1843 0.80 
988 256 0.97 800 1945 0.79 
973 343 0.96 790 2047 0.78 
963 431 0.95 780 2151 0.77 
952 519 0.94 770 2256 0.76 
942 608 0.93 760 2362 0.75 
932 698 0.92 750 2469 0.74 
922 789 0.91 740 2577 0.73 
912 880 0.90 730 2687 0.72 
902 972 0.89 719 2797 0.71 
892 1066 0.88 709 2909 0.70 
882 1160 0.87 699 3203 0.69 
871 1254 0.86 689 3137 0.68 
861 1350 0.85 679 3253 0.67 
851 1447 0.84 669 3371 0.66 
GLOBE? 2003 Hydrology 
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Frequently Asked Questions 

1. Why does the amount of dissolved oxygen I 
measured not agree with the amount I 
calculated? 

There are two reasons why these numbers may 
not match. First, you may not have followed the 
instructions on your kit exactly or you may have 
made small errors in the procedure you used. Here 
are some trouble-shooting tips: 


1. Make sure you do not have any air 
bubbles in your sample bottle or your 
titrator (for kits that use a titrator). To 
check for air bubbles in the sample bottle, 
turn the bottle upside down while it is 
capped and look for bubbles. 

Measure accurately. If you are adding 
drops from a bottle, hold the bottle 
vertically so that all of the drops are the 
same size. 

Allow all of the precipitate to settle. If you 
shake the bottle too hard before the 
precipitate settles, it may take 10 minutes 
or more for the settling to happen. 
Record accurately. If your kit asks you to 
count drops, have two people count to 
insure accuracy. If your kit asks you to 
read a titrator, make sure to read the 
instructions for accurately reading the 
titrator that come with your kit. 


we 
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The second reason your measured 

value may not be the same as your 
calculated value is that there may be 
something wrong with the chemicals in 

your kit. In this case, you will need to get ney 
chemicals. 


Dissolved Oxygen Protocol 


Field Guide 


Task 


Measure the dissolved oxygen of your water sample. 


What You Need 

Ц Hydrology Investigation Data Sheet ÛJ Distilled water 

Ц Latex gloves ÛJ Waste bottle with cap for used chemicals 
Ц Goggles Ц Pen or pencil 


ÛJ Dissolved oxygen kit 


In the Field 


Fill in the top of the Hydrology Investigation Data Sheet. 


кз 


Put on the gloves and goggles. 


Rinse the sample bottle and your hands with sample water three times. 


> go ы 


Place the cap on the empty sample bottle. 


чл 


Submerge the sample bottle in the sample water. 


о 


Remove the сар and let the bottle fill with water. Move the bottle gently or tap it to get rid of 
air bubbles. 


pé 


Put the cap on the bottle while it is still under the water. 


со 


Remove the sample bottle from the water. Turn the bottle upside down to check for air 
bubbles. If you see air bubbles, discard this sample. Collect another sample. 


so 


Follow the directions in your Dissolved Oxygen Kit to test your water sample. 


10. Record the dissolved oxygen in your water sample on the Data Sheet as Observer 1. 


HER 


. Have two other Students repeat the measurement using a new water sample each time. 


12. Record their data on the Data Sheet as Observers 2 and 3. 


= 
w 


. Calculate the average of the three measurements. 


14. Each of the three measurements should be within 1 mg/L of the average. If one of the 
Measurements is not within 1 mg/L of the average, find the average of the other two 
Measurements. If both of these measurements are within 1 mg/L of the new average, record 
this average. 


4 15. Discard all used chemicals into the waste container, Clean your dissolved oxygen kit with 


distilled water. 


сл 
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Frequently Asked Questions 

1. Why do we have to do the measurements 
at the same time of day? 

The amount of dissolved oxygen may change 
during the day as the water begins to warm up. 
More light penetrating the water causes more 
photosynthesis to occur. This can also increase 
the amount of dissolved oxygen. For this reason 
it is important to do your Hydrology 
measurements at the same time of day each week. 
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2. What will make my dissolved 
oxygen levels change over the year? 
Besides seasonal differences in 
temperature, seasonal changes in the 
flow of your stream, changes in transparen 
changes in productivity (amount of i d 
plants and animals in the water) will cause chan, 
in dissolved oxygen levels. "n 


m 


Dissolved Oxygen 
Protocol — 
Looking at the Data 


Are the data reasonable? 


The amount of dissolved oxygen you measure 
depends on your water site. Dissolved oxygen is 
added to water through aeration (water running 
or splashing), diffusion, and by photosynthesis 
of aquatic plants. It is used up by respiration. The 
maximum amount of dissolved oxygen your water 
can hold (saturated solution) depends on 
elevation (atmospheric pressure) at your site, 
water temperature, and salinity of your sample. 
Dissolved oxygen in natural waters may vary from 
0.0 mg/L to around 16.0 mg/L. Distilled water at 
0.0 C has a solubility of 14.6 mg/L at sea level. 
Warm, still waters might have dissolved oxygen 
levels of about 4 or 5 mg/L. Cold, running waters 
might have oxygen levels at 13 or 14 mg/L. Higher 
levels are possible due to photosynthesis by plants 
and lower levels are possible due to respiration 


Since dissolved oxygen levels are dependent on 
water temperature as well as other variables such 
as photosynthesis and respiration in the water, it 
is helpful to look for seasonal trends. Graph the 
dissolved oxygen and water temperature data over 
а year. Look for a similarities in the seasonal 
Patterns. Dissolved oxygen data should be 
collected at the same time of day each week since 
oxygen levels at a site will change throughout the 
day as the water warms up and photosynthesis 
increases during the afternoon. Data collected at 
different times of day make seasonal patterns 
much more difficult to interpret. In addition to 
linding seasonal patterns, graphing your data will 

elp you to check for other potential errors, such 
as misplaced decimal points. 


F в HY-DO-1 the dissolved oxygen of 3.0 
: ч. s 7, 1999 is extremely low. This is not 
ie e value for this water body at this time of 
ra : Would expect the observed value of 
es 7 Oxygen to be around 11-13 mg/L. Ifyou 
5 в Such values, contact the school and 
idi m to double check their Data Sheets and 

€ sure that this is the value that ison the sheet. 


Alter you have collected a few samples, you should 
know approximately what your value should be. If 
you getan unexpected measurement (higher or lower 
than you would expect based on the air temperature 
and values from previous weeks, do it again with 
a new water sample and clean sample bottles. If 
you get the same result, make a note in the 
metadata that you are aware of the unusual values 
for that date, and that they are indeed correct. 


What do people look for in the data? 


Most organisms will not exist at dissolved oxygen 
levels less than 3.0 mg/L. Some sensitive 
organisms will not live in oxygen levels less than 
7.5 mg/L. Dissolved oxygen levels that drop at 
low levels (i.e., less than 5 mg/L) are a reason for 
concern. Excess nutrients (e.g., fertilizer, organic- 
rich waste water) added to the water body can 
cause an overgrowth of vegetation and algae, 
causing increased decay in the water. The bacteria 
that decompose the organic matter respire and 
use oxygen. 


In addition to looking at the amount of dissolved 
oxygen in the water, it is also interesting to 
compare the amount of measured dissolved 
oxygen with a calculated value for saturation. This 
can tell us about the productivity of the water 
body. In a productive water body, plants will be 
producing oxygen through photosynthesis. 

Dissolved oxygen values will vary throughout the 
day, with maximum value occurring in the early 
afternoon and lowest levels occurring during the 
night (when respiration is not balanced by 
photosynthesis). At certain times of the day 
(typically early afternoon), some water bodies may 
actually have a dissolved oxygen measurement 
above the saturation level, indicating that more 
oxygen is being produced by photosynthesis that 
is being consumed by respiration. Water bodies 
that are highly turbid have low light penetration 
and low productivity. They are typically 
characterized by low dissolved oxygen levels. 


The GLOBE visualizations page on the Web site 
displays values of saturated dissolved oxygen for 
your site that you can compare graphically with 
your actual measurements. 
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An Example of a Student Research 
Investigation 

Forming a Hypothesis 

A student interested in dissolved oxygen is looking 
at the time plot of dissolved oxygen at Reynolds 
Jr Sr High School SWS-02 site, called *Covered 
Bridge" (Figure HY-DO-2). She notices that the 
values of dissolved oxygen in late December 2000 
through January 2001 were much lower than 
values in previous winters. During that time 
period the values ranged from 7 to 10 mg/L for 
about a month. During the previous three winters, 
dissolved oxygen consistently ranged from 11 to 
15 mg/L. The low values are similar to those found 
during the warmer periods. 


Knowing that the saturated dissolved oxygen levels 
are usually related to temperature, she 
hypothesizes that the water temperature during this 
time period is higher than normal and the warmer 
water is responsible for the lower dissolved oxygen 
values. 


She contacts the school and learns that this water 
body is the Shenango River. 


Collecting and Analyzing Data 


She begins by plotting the monthly mean values 
of dissolved oxygen and temperature. See Figure 
HY-DO-3. 


The unusually low January 2001 dissolved oxygen 
is even more apparent when looking at the 
monthly averages. However, there does not appear 
to be a corresponding increase in water 
temperature, which is about 3° C. 


If temperature is normal, then the values of 
saturated dissolved oxygen should be high as well. 
This would mean that the dissolved oxygen deficit, 
which is the difference between the saturated and 
observed values, is unusually high for some 
reason. 


The GLOBE visualizations page will calculate 
monthly averages for water temperature and 
measured dissolved oxygen, but not for saturated 
dissolved oxygen, so the student decides to 
calculate the monthly averages for saturated 
dissolved oxygen herself. She generates a plot with 
dissolved oxygen, saturated dissolved oxygen, and 


Table HY-DO-3 


Date 


Water 
Temp. 
degrees C 


Dissolved Saturated DO use 
oxygen DO 


mg/L mg/L mgt 


1/27/2000 


Average 


Date 
1/5/2001 


1/12/2001 
1/19/2001 
1/26/2001 
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1/2/1998 5 112 12:8 p 
1/10/1998 5.5 105 12.6 л 
1171998 2 121 13,8 9 x 
1/24/1998 1.5 126 14 4 
1/3/1998 2 11.7 1381001 
Average 3.2 116 134 6 
Date 

1/9/1999 0 123 146 23 
116/999 0 123 146 23 
1/23/1999 1 108 142 34 
1/30/1999 0.5 116 144 28 
Average 0.4 11.8 145 "9 
Date 

1/6/2000 3 136 135 00 
1132000 12 13 14.1 750 
1/20/2000 0 D 146 16] | 


132 142 M 
ов 124 2 
ов 1424 
8.5 13.8 
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water temperatures, and then creates a data table. 
She transfers this information into a spreadsheet. 


She extracts all the January values for each of the 
years (Table HY-DO-3). She then calculates the 
dissolved oxygen deficit (saturated dissolved 
oxygen – measured dissolved oxygen). Then for 
each year, she calculates the average for each of 
the four terms. 


Theaverage dissolved oxygen in 2001 was 8.9 mg/L. 
In 1998-2000, it was 11.6, 11.8 and 13.2, 


respectively. 


However, the water temperature was about the same 
for all four Januarys: 3.2°, 0.4°, 1.1° and 2.5 C. 
The temperature was actually warmer in January 
of 1998 than 2001, and the measured DO was 
higher. Therefore, the decrease in dissolved 
oxygen does not seem to be related to temperature 


Theaverage dissolved oxygen deficit ranged from 
1.0 to 2.7 mg/L the first three years, and was 4.8 
in 2001. The dissolved oxygen deficit is almost 
twice as high in January 2001 as it was in the 
next highest year (January 1999) when it was 2.7. 


She concludes that: Measured dissolved oxygen 
values are lower in January 2001 than in January 
1998-2000. Water temperature and saturated 
dissolved oxygen values are about the same, so the 
decrease in dissolved oxygen is not related to a change 
in water temperature. 


Therefore her hypothesis that warmer water was 
causing the lower dissolved oxygen value was 
rejected. It is all right to disprove your hypothesis. 
Scientist do this all the time. Often in finding out 
that our hypothesis is not correct, we come up 
with alternatives that lead to a better 
understanding of the problem at hand. 


Future Research 


There is nothing in this data to suggest WHY the 
dissolved oxygen is so much lower in winter 2001 
than during the 3 previous years. The student does 
notice that the 2000-2001 winter seems longer 
in duration that the other winters but cannot think 
of why that might affect dissolved oxygen levels 
later in the winter. She also notices that the 
summer dissolved oxygen data in 2000 appear 
more variable than in previous years. Perhaps 
something else has changed in the river to cause 
a higher demand for dissolved oxygen. One reason 
might be that more bacteria, such as those 
associated with decaying organic matter from 
sewage, might be present in the water. A student 
might investigate whether there have been 
external changes in the watershed. 


GLOBE® 2003 


Dissolved Oxygen Protocol - 13 


Hydrology 


xipueddy 


GLOBE* 2003 


Dissolved Oxygen Protocol - 14 


Figure HY-DO-1 
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Figure HY-DO-3 
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Electrical Conductivity 


Protocol 


Purpose 
To measure the conductivity of the water at a 
freshwater hydrology site 


Overview 

Students will calibrate and take electrical 
conductivity measurements using an electrical 
conductivity meter. 

Students will estimate the total dissolved solids 
from the electrical conductivity measurements. 


Student Outcomes 
Students will learn to, 

- use an electrical conductivity meter; 

- examine reasons for changes in the 
electrical conductivity of a water body; 
communicate project results with other 
GLOBE schools; 
collaborate with other GLOBE schools 
(within your country or other countries); 
and 

- share observations by submitting data to 
the GLOBE archive. 

Science Concepts 
Earth and Space Science 

Earth materials are solid rocks, soils, water 
and the atmosphere. 

Water is a solvent. 

Each element moves among different 
reservoirs (biosphere, lithosphere, 
atmosphere, hydrosphere). 

Physical Sciences 

Objects have observable properties. 
Life Sciences 

Organisms can only survive in 
environments where their needs are met. 

Earth has many different environments that 
Support different combinations of 
Organisms, 

Humans can change natural environments. 

All organisms must be able to obtain and 
Use resources while living in a constantly 
changing environment. 


Scientific Inquiry Abilities 

Use a conductivity meter to measure 
conductivity of water, 

Identify answerable questions. 

Design and conduct scientific investigations. 

Use appropriate mathematics to analyze data. 

Develop descriptions and explanations using 
evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and explanations. 


Time 
10 minutes 


Level 
All 


Frequency 
Weekly 


Materials and Tools 
Hydrology Investigation Data Sheet 
Electrical Conductivity Protocol Field Guide 
Total Dissolved Solids tester (or conductivity 
tester) 
Thermometer 
Distilled water in wash bottle 
Soft tissue 
Two 100-mL beakers 
Latex gloves 
650-ml plastic water bottle 
For Calibration, the above plus: 
- Standard solution 
- Small screwdriver 
- Electrical Conductivity Calibration 
Protocol Lab Guide 


Preparation 
Suggested Learning Activities: 
Practicing Your Protocols: Electrical Conductivity 


Water Detectives (e-guide only) 


Prerequisites 


None 
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Electrical Conductivity 
Protocol - Introduction 


Have you ever left water to evaporate from a dish? 
What was left after the water evaporated? 


Fresh water has many natural impurities — 
including salts or minerals dissolved in the water 
that we cannot always see or smell. As water comes 
in contact with rocks and soil, some minerals 
dissolve in the water. Other impurities can enter 
a water body through runoff or wastewater 
releases. If water contains high amounts of 
dissolved salts, it may be harmful to use for 
watering crops. 


We call the amount of mineral and salt impurities 
in the water the total dissolved solids (abbreviated 
TDS). We measure TDS as parts per million 
(ppm). This tells us how many units of impurities 
there are for one million units of water, by mass. 
For water we use at home, we prefer a TDS of less 
than 500 ppm, although water with higher TDS 
can still be quite safe. Water used for agriculture 
should have TDS below 1200 ppm so sensitive. 
crops are not harmed. Manufacturing, especially 
of electronics, requires impurity-free water. 


We use an indirect measure to find the TDS of 
water. One way to measure impurities in water is 
to find out if it conducts electricity. Pure water is 
à poor conductor of electricity. When certain 
solids (typically salts) are dissolved in water, they 
dissociate and form ions. Ions carry an electrical 
charge (either positive or negative). More ions in 
water mean the water will conduct electricity 
better. 


The electrical conductivity meter measures how 
much electricity is being conducted through a 
centimeter of water. If you look at the meter you 
will see that the electrodes are 1 cm apart. 
Conductivity is measured as microSiemens percm 
(mS/cm). This is the same unit as a micromho 
mho. | 


To convert the electrical conductivity of a water 
sample (mS/cm) into the approximate 
concentration of the total dissolved solids (ppm) 
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in the sample, you must multiply the conducti 
(mS/cm) by a conversion factor. The conversion 
factor depends on the chemical Composition of 
the dissolved solids and can very between 0.54. 
0.96. For instance, sugars do not айе 
conductivity because they do not form ions when 
they dissolve. The value 0.67 is commonly used 
as an approximation, if the actual Conversion 
factor is not known 


TDS (ppm) = Conductivity (mS/cm) x 0,67 


Drinking water with a conductivity of 750 
mS/cm will have an approximate concentration 
of total dissolved solids of 500 ppm. Pure alpine 
snow from remote areas has a conductivity of 
about 5 - 30 mS/cm 


Table HY-EC-1: Estimated Conversion from Conductivity 
(mS/cm) to Total Dissolved Solids (ppm) based on 
Average Conversion Factor of 0.67 


| Conductivity TDS | Conductivity TDS 
(mS/cm) (ppm) | (mS/cm) (ppm 
0 0 050 704 
50 34 100 737 
100 67 150 TH 
[3 50 101 1200 804 
200 134 250 838 
E 168 300 81 
300 201 1350 905 
350 235 400 س‎ 
400 268 450 972 
450 302 soo 105 
500 335 1550 039 
550 369 600 07) 
402 1650 106 
436 700 11% 
469 750 E 
503 1800 206 

536 850 UE | 

570 1900 2. 2 
603 озо کا‎ 

637 2000 P | 

670 52000 2f | 
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Teacher Support 


Measurement Procedure 

There are several manufacturers and models of 
conductivity meters. Some models may measure 
conductivity in increments of 10 mS/cm; others 
in increments of 1.0 mS/cm. If your model 
measures in increments of 10 mS/cm, you will 
have to calibrate it as closely as you can to the 
standard solution. The meters need to be 
calibrated before testing the water sample. This 
can be done in the classroom shortly before going 
to the hydrology site or at the hydrology site. 


Some conductivity meters may indicate that they 
have an automatic temperature compensation 
(ATC). Testing by the GLOBE Hydrology team has 
indicated that the temperature compensation on 
conductivity meters is generally not reliable. For 
this reason, all water should be brought to room 
temperature (20° - 30° C) for testing, even if the 
manufacturer claims that the meter is temperature 
compensated. It is very important to take the 


Figure HY-EC-1: Using the Conductivity Meter 


temperature of the water when doing the 
conductivity measurement. The temperature of 
the solution when the conductivity measurement 
is taken will help to identify errors resulting form 
meter error instead of actual changes in total 
dissolved solids. 


If the water at your Hydrology Site is not between 
20° - 30° C, you need to either 1.) let the water 
warm in the sample bucket or separate container 
while students take other hydrology 
measurements at the hydrology site, or 2.) collect 
a sample in a water bottle and take back to the 
classroom. After the water reaches 20° - 30° C, 
students can take the conductivity measurement. 


Never immerse the meter totally in water. Only 
the part indicated in the instructions for the meter 
should be immersed in water. 


Quality Control Procedure 


Calibrating the conductivity meter should be done 
in the classroom or lab before going to the 
Hydrology Site. The temperature of the 
conductivity standard should be about 25° C. 


Supporting Protocols 

Water Temperature: It is important to take the 
temperature of water at the hydrology site 
following the Water Temperature Protocol. If the 
temperature at the site is not between 20° - 30° 
C, it is important to let a sample of water reach 
this temperature range. 


Soil Characteristics and Land Cover: Soil 
Characteristics and Land Cover data provide 
information on the possible source of the materials 
dissolved in the water. 


Atmosphere: Atmosphere data, especially 
precipitation, may also affect the concentration 
of total dissolved solids in your water. 


Supporting Activities 

A discussion of good conductors and poor 
conductors may help students understand the 
measurement better. To illustrate the conductivity 
of water, have students measure distilled water 
with the conductivity meter. They will find a 
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reading near zero. Stir a small amount of salt into 
the water and watch the reading go up! 


Students may also benefit from a discussion of 
indirect measures. Some things are difficult to 
measure directly. For instance, it would take a long 
time to count the fingers of everyone in the school! 
But we could estimate the number of fingers 
indirectly by counting the students and 
multiplying by 10. What other indirect measures 
can students think of? 


Safety Precautions 


Students should wear gloves when handling water 
that may contain potentially harmful substances 
such as bacteria or industrial waste. 


Helpful Hints 


It is a good idea to keep an extra set of batteries 
on hand for the conductivity tester. Many use 
small, flat ‘watch’ type batteries. 


Instrument Maintenance 
Electrical Conductivity Meter 


1. The meter should be stored with the cap 
on. Never store the meter in distilled 
water. 

2. The electrodes should be well rinsed with 
distilled water after use to avoid mineral 
deposit accumulation. 

3. The electrodes should periodically be 
cleaned with alcohol. 


Standard Solution 


1. The standard should be stored in a tightly 
capped container in the refrigerator. 
Making a seal with masking tape will 
reduce evaporation. 

2. Write the date that the standard was 
purchased on the bottle. Standards should 
be discarded after one year. 

3. Never pour used standard back into the 
bottle. 
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Questions for Further In vestigation 
Would you predict the conductivity of the Water 


at your site to go up or down afte 
Why? 


Would you expect the conductivity to be greater 
in a high mountain stream that receives fresh 
snowmelt or in a lake at lower elevations? 


га heavy rain) 


Why do you think water with high levels of Tp 
is harmful to plants? 


gy? 


Electrical Conductivity Calibration 
Protocol 


Lab Guide 


Task 


Calibrate your electrical conductivity tester. 


What You Need 

J Electrical conductivity tester О Soft tissue 

J Standard solution ÛJ Two 100-mL beakers or two plastic cups 
ÛJ Thermometer ÛJ Latex gloves 

Ц Distilled water in wash bottle Ч Small screwdriver 

In the Lab 
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. Bring the standard solution to room temperature (about 25° C). 


Pour standard solution into each of the two clean 100-mL beakers or cups to a depth of about 
2 cm. 


‚ Remove the cap from the electrical conductivity tester and press the On/Off button to turn it 


on. 


Rinse the electrode at the bottom of the tester with distilled water in the wash bottle. 


. Gently blot dry with a tissue. Note: Do not rub or stroke the electrode while drying. 


- Put the probe of the meter into the first beaker of standard. Stir gently for 2 seconds to rinse off 


any distilled water. 


: Take the meter out of the first beaker. Do NOT rinse with distilled water. 
Put it into the second beaker. 
: Stir gently, and then wait for the numbers to stop changing. 


: Ifthe display does not read the value of your standard solution, you must adjust the 


instrument to read this number. (For most meters, you can use a small screwdriver to adjust 
the calibration screw on the meter until the display reads the standard value. 


: Rinse the electrode with distilled water and blot it dry. Turn off the meter and put the cap on to 


Protect the electrode. 


: Pour the standard from the beakers into a waste container. Rinse and dry the beakers 
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Electrical Conductivity Protocol 


Field Guide 


Task 


Measure the electrical conductivity of your water sample. 


What You Need 
LI Hydrology Investigation Data Sheet Û Paper towel or soft tissue 
lJ Electrical conductivity tester О 2 100-mL beakers 
О Thermometer О Latex gloves 
L1 Distilled water in wash bottle Ш One clean 600-700 ml plastic water 
bottle with cap (for sample water) 
In the Field 
1. Fill out the top portion of the Hydrology Investigation Data Sheet 
2. Put on latex gloves. 
3. Record the temperature of the water to be tested. If water is between 20° – 30° C, go to step. 
4. If your water is below 20" C or above 30° C, fill a clean sample bottle (600-700 mL) with the 


water to be tested. Cap and bring back to the classroom. Allow the water to reach 20" - 30 G 
record the temperature and then proceed to step 5. | 


5. Rinse two 100-mL beakers two times with sample water. | 

6. Pour about 50 mL of water to be tested into two 100-mL beakers 

7. Remove the cap from the meter. Press the On/Off button to turn it on 

8. Rinse the electrode with distilled water. Blot it dry. Do not rub or stroke the electrode while 
drying. 

9. Put the electrode in the water sample in the first beaker. Stir gently for a few seconds. Do not 


let the meter rest on the bottom of the beaker or touch the sides 

10. Take the meter out of the first beaker. Shake gently to remove excess water, then put it into 

the second beaker without rinsing with distilled water. 

11. Leave the electrodes submerged for at least one minute. When the numbers stop changing, 

record the value on the Hydrology Investigation Data Sheet by Observer 1. 

12. Have two other students Tepeat the measurement using fresh beakers of water each time. n 
meter does not need to be calibrated for each student. Record these measurements 25 
Observers 2 and 3. 

- Calculate the average of the three Observations. 

. Each of the observations should be within 40 mS/cm of the average. If one or more ofthe 
values is not within 40 mS/cm, pour a fresh sample and repeat the measurements an З 
calculate a new average. If all observations still are not within 40.0 of the average, discuss 
possible problems with your teacher. 


! ith di ET 
15. Rinse the electrode with distilled water. blot d d ‘ he meter. Rinse and 
the beakers and sample bottle. ту, and put the cap on the 
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Frequently Asked Questions 

1. Why does my conductivity reading slowly 
change? 

If your conductivity meter is not temperature 
equilibrated with the sample, the reading will 
slowly drift until the meter and the sample reach 
the same temperature. Also if your sample 
temperature is very different from the surrounding 
air temperature, the conductivity reading can drift 
as the sample warms or cools to equilibrate with 
the air. 


2. What happens if my water is really salty or 
brackish? 

Most meters will only measure up to 1990.0 
uS/cm. If your water has higher conductivity than 
this, the meter will not give a reading. You should 
use the Salinity Protocol to measure the dissolved 
solids in your water. 


3. Will the meter give me an 

electrical shock? 

No, however, you should not touch the 

electrode to avoid contaminating it. The 

tester should be handled carefully. If it is dropped 
into the water it may be ruined. 
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Electrical Conductivity 
Protocol ~ 
Looking at Your Data 


Are the data reasonable? 


The conductivity tester measures conductivity 
from 0 to 1990.0 mS/cm. Waters with 
conductivity values greater than 1990.0 mS/cm 
must be tested for total dissolved solids by using 
the Salinity Protocol. As a general trend for fresh 
water, conductivity increases the farther the 
sample site is from the source. Most conductivity 
testers increase in units of 10.0 and have a range 
of error of + 40.0 mS/cm. 


Conductivity may vary significantly with the type 
of water body and the site. It is therefore 
important to look at the conductivity of your own 
site over time. Graph your data and examine them 
for upward or downward trends. Pay close 
attention to values that may seem questionable. 
Check your metadata or other protocol data such 
as precipitation to see if your values can be 
explained by other environmental factors. 


Figure HY-EC-2 
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What 
data? 
Scientists use conductivity data as a measure of 
water quality. High values can mean water that 
tastes bad or is too salty for watering crops, Most 
municipal water quality reports use conductivity 
or TDS measurements to show that their drinkin 
water is within the locally established limits, 
Scientists also look for trends in the conductivity 
data. Seasonal trends are often observed for water 
bodies that receive a portion of their water directly. 
from snowmelt in the spring, water bodies that 
are affected by land cover, or water bodies that 
are located in areas with definite rainy seasons, 
Scientists can use the seasonal data they obtain to 
forecast water quality issues for years to come, 


do scientists look for in these | 


Example of a Student Research Project, 
Forming a Hypothesis 

A student researcher wants to investigate 
conductivity. She hypothesizes that annual or 
seasonal fluctuations in conductivity data should 
be apparent in GLOBE measurements. 


Collecting and Analyzing Data 


She starts by searching the GLOBE database for 
schools that have taken conductivity 
measurements. She then eliminates schools that 
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have not taken measurements consistently over 
the course of at least one full year. After plotting 
the data for several schools using the GLOBE 
server, the student finds an interesting trend for 
the data from Chemisches Institut Dr. Flad in 
Stuttgart, Germany. This graph is shown in Figure 
HY-EC-2. 

The water body where this school takes its 
measurements is Feuersee, a freshwater lake. 


From this plot the student noted that the 
conductivity measurements tend to be higher in 
the winter months and lower in the summer 
months. She then investigates further by 
downloading the monthly averages for 
conductivity values of Chemisches Institut Dr. 
Flad from the GLOBE Web site. These data are 
shown below in Table HY-EC-2. 


The student then imports these data into a 
spreadsheet program, and she plots the data as 


Table HY-EC-2 shown in Figure HY-EC-3. 

Date Cond. From this plot, the same overall trend can be seen, 
ae Pan however it is not as apparent as in Figure HY-EC-1. 
10/1998 519 
11/1998 789 The student then decides to look at the trends on 
12/1998 545 a seasonal rather than monthly basis. She divides 
1/1999 754 the year into the four seasons and assigns the 
2/1999 617 months December – February as winter, March — 
3/1999 675 May as spring, June — August as summer and 
4/1999 677 September — November as autumn. She calculates 
5/1999 737 an average conductivity for each season. These 
6/1999 692 data are shown in Table HY-EC-3. 

7/1999 665 
9/1999 689 Table HY-EC-3 
10/1999 790 Season Cond. 
sn а) autumn-1998 612 
12/1999 760 
1/2000 730 winter-1999 639 
2/2000 639 spring-1999 696 
Bicis Re summer-1999 679 
5/2000 706 autumn-1999 773 
cen 2 winter-2000 710 
9/2000 681 spring-2000 661 
E A We summer-2000 641 
12/2000 907 autumn-2000 781 
MERI 859 winter-2001 822 
2/2001 701 
3/2001 755 spring-2001 733 
4/2001 746 summer-2001 637 
5/2001 697 
6/2001 712 autumn-2001 711 
7/2001 640 
9/2001 560 
10/2001 752 
11/2001 820 
12/2001 842 
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The student then graphs the data as shown in 
Figure HY-EC-5. 


From this plot she is able to see the annual trend 
more clearly. The student makes a note that the 
data for August were not available for any of the 
years in this data set and therefore the summer 
season is the average of only June and July. The 
student then decides to plot the data a final way. 
This time she calculates the average conductivity 
values of each month for the four-year period, as 
shown in Table HY-EC-4. 


She plots these data as shown in Figure HY-EC-5. 


Here again an annual trend can be seen. The 
student notes that the averages for November, 
December and January were much higher than 
the other months in the year. She realizes she 


September 


October 


November 


December 


might not have picked the best months 
represent each season. Perhaps, Noven 
January should have been chosen for winter, Tli 
would most likely have produceq a rs 
noticeable trend. However, the student is coli 
that she has indeed discovered a site that shows 
an annual trend. 


Future Research 


For further investigation, the student could contact 
the school and ask them if they have any ideas of 
what could be causing this cycle. 


She could also look at the seasonal patterns of 
other measurements, such as precipitation, to see 
if they might also be related. 


She could also repeat this studying by looking at 
seasonal and monthly patterns in conductivity at 
other sites. 


Garner - —  — 
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Salinity Protocol 


Purpose 


To measure the salinity of the water at your 
hydrology site 


Overview 
Students will use a hydrometer to measure the 
specific gravity of the water sample, and use a 
thermometer to measure the temperature. With 
these two values, students will use tables to 
determine the salinity. 


Student Outcomes 
Students will learn to, 


use a hydrometer; 

apply concepts of density and specific 
gravity to salinity (advanced); 

use tables of specific gravity and 
temperature values to determine salinity; 
examine reasons for changes in salinity; 
communicate project results with other 
GLOBE schools; 

collaborate with other GLOBE schools 
(within your country or other countries); 
and 

share observations by submitting data to 
the GLOBE archive. 


Science Concepts 


Earth and Space Science 
Earth materials are solid rocks, soils, water 


and the atmosphere. 


Water is a solvent. 
Each element moves among different 
Teservoirs (biosphere, lithosphere, 


atmosphere, hydrosphere). 


Physical Science 
Objects have observable properties. 
Life Science 

Organisms can survive only in environments 
where their needs are met. 

Earth has many different environments that 
Support different combinations of 
Organisms. 

Humans can change natural environments. 


All organisms must be able to obtain and 
use resources while living in a 
constantly changing environment. 


Scientific Inquiry Abilities 


Use a hydrometer to measure salinity 

Identify answerable questions. 

Design and conduct scientific 
investigations. 

Use appropriate mathematics to analyze 
data. 

Develop descriptions and explanations 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and 
explanations. 


Time 
10 minutes 
Quality control — 10 minutes 


Level 
All 


Frequency 
Weekly 
Quality control check every 6 months 


Materials and Tools 


Hydrology Investigation Data Sheet 
Salinity Protocol Field Guide 
Water Temperature Protocol Field Guide 
Tide table for region closest to your 
hydrology site 
Hydrometer 
Conversion table in Teacher's Guide 
500-mL clear graduated cylinder 
Alcohol-filled thermometer 
Latex gloves 
For Quality Control Procedure, the 
above plus: 
- Hydrology Investigation Quality Control 
Procedure Data Sheet 
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- Quality Control Procedure for Salinity 
Protocol Lab Guide 

- Salt (NaCl) 

- Distilled water 

- Balance | 

= Two 1-liter bottles with caps and 
labels for storing standards 


Salinity Protocol — 
Introduction 


Why do some types of plants and animals live in 
brackish estuaries while others live in the ocean 
and still others live in freshwater lakes and 
streams? One of the main reasons is the difference 
in salinities among these environments. Salinity 
is the measurement of the amount of dissolved 
solids in water. There are many different. types of 
solids dissolved in water, but the most common 
dissolved solid is sodium chloride (NaCl). 
Dissolved solids are often called salts. 


All animals and plants have salts inside the cells 
of their bodies. The concentration of those salts 
is about one third that of seawater. Plants and 
animals in both fresh and salt water have special 
mechanisms to maintain a proper salt balance 
between their cells and their environment. 
Freshwater organisms are saltier than the water 
they live in. Fresh water tends to enter their cells 
and must be pumped out to keep the cells from 
swelling and even exploding. Animals such as fish 
in salt water are less salty than the seawater they 
live in. Many saltwater fish excrete salts from their 
gills and produce little urine so that they minimize 
the loss of liquids from their bodies, Sharks solve 
the problem by storing extra salts in their cells so 
that they are in balance with the salt content of 
the surrounding seawater. As well, animals that 
feed on organisms that live in brackish or salt 
water have developed Ways to manage the salt 
content. For instance, seabirds and sea turtles have 
special salt glands to excrete the salt they take in 
with food and water. Organisms adapted to one 
type of environment cannot be moved into 
another without serious injury or death. 


GLOBE* 2003 


тз 


Preparation 

Suggested Learning Activities: ы 
Practicing Your Protocols: Salinity (e-guide ОШ 
Water Detectives (e-guide only) 


Prerequisites 


Instruction on reading a tide table 


The Earths oceans average 35 parts per thousand 
(ppt) salinity. Fresh water measures 0.5 ppt or 
less. Coastal waters and surface waters of the 
ocean far from shore can be less salty than 35 ppt 
due to fresh water input from land or rain, or 
more salty due to high rates of evaporation in hot 
climates. Some seas and lakes are also salt water, 
Some examples include the Caspian Sea in central 
Asia, the Great Salt Lake in North America, and 
several lakes in the Great Rift Valley of East África 
These water bodies are salty because water flows 
into them, and then evaporates, leaving the salis 
in the inland sea or lake behind. Freshwater 
bodies have outlets so the salts move through 
them instead of accumulating. 


Brackish water is water that is saltier than fresh 
water, but not as salty as seawater. It is found in 
estuaries and bays where salt water and fresh 
water mix. Estuaries are bodies of water that are 
partly enclosed from the open ocean and usually 
have a freshwater river source. Tides may x 
the salinity in these water bodies. When the de 
is high, the salinity may be higher than when thè 
tide is low. Salinity may decrease when large 
amounts of fresh water are added during rain of 
snowmelt. Plants and animals living in a 
waters must be able to adapt to rapid and m 
changes in salinity. The young ш 
animals, such as baby shrimp and fish, $ als 
brackish estuaries. Often these young ae 
have the ability to survive in a wider ang 
saltiness than as adults. 
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Teacher Support 
Electrical Conductivity vs. Salinity 


The salinity measurement is used to find the total 
dissolved solids (or salinity) of brackish or salt 
water. This may be a site along an ocean, estuary, 
or salt lake. Fresh water has too little dissolved 
solids to accurately determine the total dissolved 
solids using the hydrometer. GLOBE schools with 
freshwater sites use the Electrical Conductivity 
Protocol to find the total dissolved solids in their 
water. The Electrical Conductivity Protocol for fresh 
water will only measure up to 2000 microSiemens/ 
cm. If your water goes beyond this range you will 
have to use the Salinity Protocol. 


Supporting Concepts 
Density and Specific Gravity 


Density is the ‘lightness’ or ‘heaviness’ of materials 
of the same size. Density indicates the size of the 
molecules and how tightly packed the molecules 
are in a particular substance. The larger and more 
tightly packed the molecules, the denser the 
substance is. Density is measured by how heavy 
something is compared to its volume. We say that 
à metal spoon is denser than a wooden spoon of 
the same size because the metal spoon is heavier. 
Which is denser — a baseball or a solid iron ball of 
the same size? 


Specific gravity is also a measure of density. When 
We measure specific gravity, we are comparing the 
density of a material to the density of pure water at 
4 C. We use water as a standard because it is a 
Common substance, We use 4* C because that is 
the temperature at which water is most dense. The 
Specific gravity of pure water at 4° C is by definition 
1.0. A substance denser than pure water at 4° C 
has a specific gravity greater than 1.0. 


Specific _ 


mass of an object of a certain volume 
gravity 


mass of an equal volume of pure water. 


If we want to know the specific gravity of an object 
Such as a rock, we need to know the: 
l. mass of the rock 
2. volume of the rock 
3. mass of an equal volume of PRS WEE 
de DIS piece of information is easy. We determine 
of the rock by weighing it on a balance. 


To find the second piece of information, we need 
to talk about displacement and have a short 
history lesson. 


Archimedes lived in ancient Greece. He discovered 
two important things while sitting in his bathtub 
(or so the story goes). The first was that when he 
stepped into the water, the water level went up. 
When he sat down, the water level went up even 
more. He found that when a body is placed in 
water, it displaces (or moves out of the way) a 
volume of water equal to the volume of the body. 


So, to find the volume of our rock, pour some 
water into a graduated cylinder. Put the rock in 
the water. Note how much the water volume 
increases. The increase in water volume is equal 
to the volume of the rock. We now have our 
second piece of information. 


Archimedes’ second important discovery was that 
when a body is placed in the water, it seems to 
lose mass. This mass loss is equal to the mass of 
the water displaced. So, we can determine the 
mass of the water that was displaced to get the 
third piece of information we need. (Or we can 
calculate the mass of the water since we know 
that the mass of 1.0 mL of water is 1.0 gram.) 


Now, divide the mass of the rock by the mass of 
the water displaced, and you have the specific 
gravity of the rock. 

mass of rock 


spen ne mass of displaced water 


Each mineral has a characteristic specific gravity. 
Specific gravity can thus be used to help to identify 
minerals. Many common rocks are made of a 
mineral, silica, and have a specific gravity of 2.65. 
For the Salinity Protocol, we are trying to determine 
the amount of dissolved mineral. This may be a 
little more difficult for students to understand 
since they cannot see the ‘rock’. But the principle 
is the same. We are using the hydrometer to 
calculate the displacement caused by the addition 
of dissolved minerals (solids). 


Tides 

Tides are caused by the gravitational pull of the 
moon and the sun on Earth. Because the moon is 
so much closer to Earth than the sun, the moon 
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Figure HY-SA-1 


The reading on the 
hydrometer is 
1.011 


exerts the greater pull on Earth. The most extreme 
tides, called spring tides, occur during full and 
new moons when Earth, moon, and sun are in a 
line. During quarter and three quarter moons, the 
moon, Earth and sun form a right angle and the 
tidal range (the difference between high and low 
tides) is the smallest. These tides are called neap tides. 


Most areas have two low and two high waters per 
day with one set of high and low more extreme 
than the others. This is called a mixed semidiurnal 
tide (mixed because the two tide cycles are uneven 
and semidiurnal because there are two sets per 
day). The two high and low water levels occur 
Over approximately 24 hours with each high and 
low approximately six hours apart. Tide cycles 
actually occur over a lunar day, which is 24 hours 
and 50 minutes long. The two low tides in a day 
occur on average every 12 hours 25 minutes, The 
time of the first low tide each day occurs on 
average approximately 50 minutes later than the 
day before. Local topographic features may cause 
these times to vary. 


Zero tide datum (also expressed as + 0, or “plus 
0”) isa measure of the average low tide level. There 
are two different definitions used worldwide for 
the zero tide datum: mean lower low water and 
mean low water. Mean lower low water is the mean 
of the lowest tides for that area. Mean low Water is 
the mean of all of the low tides for that area. The 
zero tide datum will be found in the legend of the 
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Note: Hydrometer measurements are read from the bottom of the meniscus. 


tide table. Students will need to check off on the 
data sheet which definition of zero tide datum is 
used on their tide table. 


Measurement Procedure 

Using the Hydrometer 

The hydrometer is an instrument that allows usto 
measure the specific gravity of a fluid. Remember 
that specific gravity is a comparison of the density 
of the fluid you are measuring to the density. of 
pure water at 4° C. 


A hydrometer is a small float with a scale on i 
stem. If you put the hydrometer in pure er А 
the same temperature, it will float at the sa | 
depth. As salts are added to the water, it hs 
float higher. As the water gets denser, md | 
hydrometer is exposed. Marks d 
hydrometer allow you to read the specia И 
directly from the hydrometer without having 
calculate the mass of the water displaced. 


3 
With most substances, "cooler is деше M 
changes densities as it cools and wama E 
that specific gravity is measured ассо | gravity 
at 4° C. Your hydrometer may take T on your 
readings at a different temperature. 100 ШОВ 
instrument to find the temperature for #17 i 
calibrated. If the temperature of your ich the 
different from the temperature for M. an 
hydrometer is calibrated, you have F ion table 
adjustment for temperature using a conve 
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Table HY-SA-1: Tide Table for Aberdeen, Washington 


Daylight Saving Time 


Source: NOAA, National Ocean Service 


Tide Predictions (High and Low Waters) August, 2002 


| Time Ht. 


Day Time Ht. | Time Ht. | Time Ht. 
Ти 131ат L 0.6 | 730am Н 2.0 | 106pm L 0.8 740рт Н 2.6 
2. Е 233am L 0.5 |841ат Н 1.9 206рт L 1.0 832pm H 2.7 
Be Sa 335am L 0.3 | 956am Н 1.9 313pm L 1.1 928pm H 2.7 
4 Su 432am L 0.1 | 1105amH 2.0 417рт L 11 | 1024pmH 2.8 
5 M 526am L -0.2 | 1204pmH 2.2 5l6pm L 1.0 | 1118pmH 2.9 
6 Tu 616am L -0.4 | 1256pmH 2.3 6llpm L 0.9 
т ү 1209ат Н 3.0 | 703am L -0.6 143pm Н 2.5 | 702рт L 0.8 
8 Th 1258ат Н 3.2 | 747am І -0.7 228pm H 2.6 | 751pm L 0.6 
9 F 147am H 3.2 | 83lam L -0.8 309pm H 2.7 | 839pm L 0.5 
10 Sa 237am Н 3.2 | 913am L -0.7 349pm H 2.8 |927pm L 0.3 
11 Su 327am Н 3.2 | 955am L -0.6 | 428pm H 2.9 lOl7pmL 0.2 
12M 419ат H 3.0 | 1037amL -0.4 508pm H 3.0 | 1109pmL 0.1 
13 Tu 514am H 2.8 | 112lamL -0.1 | 549pm H 3.0 
14 W 1206amL 0.1 | 614am Н 2.5 | 1209pmL 0.2 634pm H 3.0 
15 Th 108am L 0.1 | 721am H 2.3 | 104pm L 0.5 725pm H 3.0 
16 F 215am L 0.0 |837am H 2.1 206pm L 0.8 | 824pm H 2.9 
17 Sa 323am L 0.0 | 956am Н 2.1 | 313pm L 0.9 | 928pm H 2.9 
18 Su 428am L -0.1 | 1110amH 2.2 | 419pm L 1.0 | 1032pmH 2.9 
19 M 527am L -0.2 |l21lpmH 2.3 | 52lpm L 0.9 | 1130pmH 2.9 
20 Tu 618am L -0.3 | lOlpm Н 2.5 | 6l16pm 1 0.8 
21 W 1221amH 2.9 | 703am L -0.3 | 142pm Н 2.6 | 705pm L 0.7 
22 Th 106am H 2.9 | 744am L -0.3 | 220pm H 2.7 | 750pm L 0.6 
23 p 148am H 2.9 | 82lam L -0.3 | 254pm Н 2.7 | 83lpm L 0.5 
24 Sa 228am Н 2.8 | 856am L -0.2 | 326pm H 2.7 | 910pm L 0.5 
25 Su 307am Н 2.8 | 928am L 0.0 | 355pm Н 2.7 | 949pm L 0.4 
26 M 346am Н 2.7 | 1000amL 0.2 | 423pm Н 2.7 | 1027pmL 0.4 
27 Tu 426am H 2.5 | 1029amL 0.3 | 450pm H 2.7 | 1107pmL 0.4 
28 W 510am H 2.3 | 1058amL 0.5 | 519pm Н 2.7 | 1152pmL 0.4 
29 Th |600am Н 22 |l1129aml 08 | 551pm H 2.7 
30 F 1244amL 0.4 |659am H 2.0 | 1208pmL 1.0 | 633pm H 2.6 
31 Sa 146am L 0.4 | 810am H 2.0 | 113pm L 12 | 730pm Н 2.6 | 
Note: Heights in this table are in meters. Many tide tables in the United States and in 
Canada are in feet. To convert feet to meters, divide the data by 3.28 f/m. 
All tide tables (including this one) are in local time. You will need to convert to UT. 
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Reading a Tide Table 

You need a tide table calculated for the local area 
to determine the tides in your area. The tide table 
will give you the dates, times and water levels for 
high and low water. These are available from 
Bovernment agencies, private fisheries and tourist 
agencies. They can also be found on the web, in 
newspapers, or published as booklets. Because 
tides vary each year with the lunar cycle, it is 
necessary to use a tide table calculated for the 
Current year. Tides also vary with each locality, so 
try to get a tide table for the exact area you are 
observing, or for the closest area for which tide 
tables are available. You may need to consult two 
tide tables - a primary tide table based on a tide 
Station in the general region of your site and an 
auxiliary tide table with Corrections for time and 
tidal height for your particular site. 


The negative numbers refer 10 water levels bel 

the zero tide datum for your area. For example, 
tide level of - 0.5 is read as “minus one halina, 
below the zero tide level" 


Supporting Activities 

Hydrometers are used to compare the densities 
many liquids. For example, the amount of sugarin 
fruit juice, the amount of fat in milk, and the 
amount of salt in water. You can create your буп 
practice hydrometer with a weight (e.g. clay of 
putty) on a stick Suspended in water. Take three 
different clear liquids freshwater, saltwater, and 
distilled water Identify each liquid usinga 
hydrometer. You can calibrate the practice 
hydrometer by comparing it to a calibrated 
hydrometer. 


Helpful Hints 
* The glass hydrometer is easily broken. 
Always lay it down gently. Do not lay it 
where it could roll off of a table. Gently 
place the hydrometer into the 500-mL 
cylinder — do not drop it in! 

* The 35 ppt standard may be kept up to one 
year in a tightly closed bottle and can be 
used many times 
After you receive a new hydrometer, use 
standards to check its accuracy. It is not 
reading correctly, contact the manufacturer 
Questions for Further Investigation $ 
Would brackish water be good to use for irrigation 
Why or why not? КЕ. 
Why do all of Earths oceans have approximate] 
the same salinity (35 ppv? | 
How might a rise in ocean level affect estuary 
bay areas? m 
How does salinity at your site compare to itt 
at other sites at the same and different "e 
How does outflow of freshwater from nearby?" 
influence salinity at your site? р 
Are there seasonal patterns of river water U 
your area? "T 
Would you expect to find seasonal ch 
salinity levels at your site? Шуй 
How does salinity vary with average mom 
temperature at your site? 
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To determine the tidal height at a particular time 
and date, read on the tide table the times of high 
and low water for the date you sampled that 
bracket the time you sampled. Determine whether 
the tide was coming in or going out when you 
sampled by assuming that the tide turned 
(changed direction) at the times of low and high 
tides. For instance if you sampled at 4 PM on 
August 1, 2002 (Table HYSA-1), the tide was 
coming in because it was low at 1:06 PM and high 
at a later time, 7:40 РМ. 


Which number is the highest? This number is 
likely to fall just after the lowest tide. Look at the 


illustration for the tide table for Aberdeen 
Washington for August 2002 to determine the 
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Quality Control Procedure for 
Salinity Protocol 


Lab Guide 


Task 
Check the accuracy of your hydrometer. 


What You Need 

О Water Temperature Field Guide а Hydrology Investigation Quality Control 
Procedure Data Sheet 

H Hydrometer ÛJ Distilled water 


О salinity Conversion table in Teacher's Guide О Salt (Nacl) 
ÛJ 500-mL clear graduated cylinder О Balance 


C] Alcohol-filled thermometer (calibrated) 


In the Lab 
Make the 35 ppt Standard 
1. Measure 17.5 g of table salt (NaCl) with the balance. 
2. Pour the salt into the 500-mL cylinder. 
3. Fill the cylinder to the 500-mL line with distilled water. 


4. Gently mix the salt and water until all of the salt is dissolved. This is your 35-ppt standard. 


Check your Hydrometer Using Distilled Water 

1. Pour 500 mL of distilled water into the 500-mL cylinder. 

2. Put the thermometer in the distilled water. Use the Water Temperature Field Guide to measure 
the water temperature. Record on the Hydrology Investigation Quality Control Procedure Data 
Sheet. 

. Place the hydrometer gently into the water. After it stops bobbing, read the specific gravity at 
he bottom of the meniscus. It should not touch the sides of the cylinder. Read to three places 
and record on the Hydrology Investigation Quality Control Procedure Data Sheet. 


w 


4. Look up the specific gravity and temperature on the conversion table. The salinity should be 
between 0.0 and 1.0 ppt. 

. If the salinity is not between 0.0 and 1.0 ppt, recheck your measurements. If the salinity is still 
not between 0.0 and 1.0 ppt, your hydrometer is not reading correctly. 


[zi 
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Quality Control Procedure for Salinity Protocol Lab Guide - Page 2 


Check your Hydrometer Using the Standard ( 

. Put the standard in а 500-mL cylinder. 

‚ Put the thermometer in the distilled water. Use the Water Temperature Field Guide to measure 

the water temperature. Record on the Hydrology Investigation Quality Control Procedure data 

Sheet. 

Gently place the hydrometer into the cylinder. When it stops bobbing, read the specific gravity 

at the bottom of the meniscus. It should not touch the sides of the cylinder. Read to three 

places and record on the Hydrology Investigation Quality Control Procedure Data Sheet, 

4. Look up the specific gravity and water temperature on the conversion table to find the salinity 
of the water. Record the salinity on the Hydrology Investigation Quality Control Procedure Data 
Sheet. 

5. If the salinity standard is off by more than 1 ppt, mix a new standard and repeat the 

procedure. If it is still off by more than 1 ppt, talk to your teacher about possible problems, 

Discard the 35-ppt standard or pour it into a clean and dry 1-L bottle, cap, and label. Rinse 

equipment with distilled water, dry, and store. 


I 


w 


o 
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salinity Protocol 


Field Guide 


Task 


Measure the salinity of your water sample. 


What You Need 

О Tide Table for your area Ч Thermometer 

Ш Hydrology Investigation Data Sheet ÛJ Conversion Table 
C] Water Temperature Protocol Field Guide ÛJ Pen or pencil 

Ц Hydrometer ÛJ Latex gloves 


О 500-mL clear, graduated cylinder 


Inthe Field 
1. Fill out the top portion of your Hydrology Investigation Data Sheet. 


2. In the Salinity section of the Hydrology Investigation Data Sheet, record the times of the high 
tide and low tide that occur before and after your salinity measurement is taken. Also record 
the place where the times from your Tide Table occur. 


Put on gloves. 
Rinse the 500-mL cylinder with sample water twice. 


Fill the cylinder with sample water to within 2 or 3 cm of the top. 


Э ct ARTS) 


Measure and record the temperature of the water in the cylinder. (See Hydrology Investigation, 
Water Temperature Protocol Field Guide) 


x 


. Gently put the hydrometer into the cylinder. 


eo 


Wait for the hydrometer to stop bobbing. It should not touch the sides of the cylinder. 


о 


Read the hydrometer at the bottom of the meniscus. Read the specific gravity to three decimal 
places. Record the specific gravity on the Hydrology Investigation Data Sheet. 


10. Look up the specific gravity and water temperature on the Conversion Table to find the 


salinity of the water. Record the salinity on the Hydrology Investigation Data Sheet as 
Observer 1. 


= 
= 


. Repeat Steps 3-9 using new samples of water. Record the salinity measurements as Observers 2 
and 3. 


1 


кә 


(8 
alculate the average of the three measurements. 


Each of the three measurements should be within 2 ppt of the average. If one or more of the 
Observations is not within 2.0 ppt, do the measurement again and calculate a new average. If 
tie measurements are still not within 2.0 ppt of the new average, talk to your teacher about 
possible problems. 
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Table HY-SA-2: Salinity (parts per thousand) as a function of specific gravity and temperature (as of 2/2002) 


Salinity Protocol - 10 
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rable HY-SA-2: Salinity (parts per thousand) as a function of specific gravity and temperature (as of 2/2002)- continued 


Temperature of Water (° С) 
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Table HY-SA-2: Salinity (parts per thousand) as a function of specific gravity and temperature (as of 2/2002)- continues 


Temperature of Water (^ C) 
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salinity Protocol — 
Looking at the Data 


Are these data reasonable? 

Fresh water usually has a salinity level of 0-0.5 
ppt. Brackish water usually has salinity levels of 
0.5-25 ppt. The average salinity of the ocean is 
34.5 ppt and generally ranges from 32 ppt to 37 
ppt. Commonly, salinity will vary at a site 
depending on the addition or removal of fresh 
water. Estuaries show the greatest variability in 
salinity. 

On average, the ocean is least salty at the poles 
and the equator, and most salty in subtropical 
oceans. The association of salinity with latitude 
hasto do with the relative amounts of rainfall and 
evaporation around the globe. Salinity is lowered 
where fresh water enters the ocean by rainfall, ice 
melt, and river outflow. Salinity increases where 
fresh water leaves the ocean by evaporation and 
ice formation. Each of these factors is influenced 
by weather patterns around the globe. 


Salinity values decrease toward the equator to 34- 
35 ppt because of the abundant rainfall and 
relatively low evaporation rates that occur there. 
Salinity can be less than 34 ppt in cooler latitudes 
With heavy rainfall. Coastal waters can have some 
of the lowest salinity values because of fresh water 
Input from rivers and melting ice. Coastal waters 
can have some of the highest salinities as well due 
to ice freezing and evaporation of shallow waters 
during the summer. Wind can blow salt water onto 
land where it covers plant leaves and soil. 


Salinity can vary over a tidal cycle as well. At low 
Pos the summer months, evaporation can 
E api ond to rise in а tide pool until the ocean 
E e tide comes in and dilutes the tide 
Bites i DE it to normal salinity. In 
tiles En. di strongly influenced by the 
bed jm tide is rising towards high tide, the 
estuary or ы the river and raises salinity in an 
outgoing ces ps As the tide falls during an 
and лу, the river is drained of ocean water 
influenced h de down. Salinity in estuaries is 
than fresh Y depth as well. Salty water is heavier 

Water and sinks toward the bottom. 


This keeps the salinity in the sediment in estuaries 
relatively high and protects coastal animals that 
live in the mud from having to adjust to a large 
change in salinity with each tidal cycle. 


We expect salinity to show a seasonal pattern, 
rising in the summer and lowering in the winter 
due to increased evaporation in summer months 
as water temperature rises. To test this, we can 
look at the data and see if salinity is higher in the 
summer and lower in the winter. We can also look 
to see if a change in salinity is correlated with a 
change in air and water temperature. 


A good data set for looking at this prediction is 
that collected at Tabor Academy located on the 
Atlantic coast in Marion, Massachusetts, USA. 
Tabor Academy recorded salinity and water 
temperature from 1997-2001 at a coastal site 
called “Schaeffer Sea Wall". They also measured 
air temperature at their school location. The graph 
below of the averages of air temperature, water 
temperature and salinity shows a seasonal pattern. 
As air and water temperatures go up in the spring 
and summer, so does salinity As air and water 
temperatures go down in the autumn and winter, 
so does salinity. In addition, looking at the graph, 
it appears that air temperature goes up first, 
followed by water temperature, followed by 
salinity. This makes sense since salinity probably 
rises due to increased evaporation caused by an 
increase in water temperature, which in turn is 
caused by an increase in air temperature. To 
further support the hypothesis, all three years 
show the same pattern. 


What do the scientists look for in these 
data? 

What are the long-term trends in salinity in 
estuaries? There are increasingly more demands 
on the fresh water that supplies estuaries, so they 
may be becoming more saline over time. 


At ocean sites, we expect changes in salinity to be 
related to changes in temperature. An increase in 
temperature can cause an increase in evaporation. 
This results in an increase in salinity. Near the 
poles, however, an increase in temperature may 
cause an increase in the melting of fresh water ice 
and result in a decrease in salinity. 
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Latitudinal distribution of salinity may also be 
related to large-scale weather pattern, as 
precipitation and evaporation can affect salinity. 
Salinity tends to be highest around 20-30 N and 
15-20 S, and lowest at the poles and near the 
equator. 


Example of a Student Research Project 
Forming a Hypothesis 

Students studying the salinity in estuaries are 
looking at the salinity at three sites shown in 
Figure HY-SA-3. The first two are in Mobile Bay, 
one at Mary Ann Beach near Robertsdale, Alabama 
and the second, the *Boat Ramp" site, near the 
convergence of the Tensaw River with the Mobile 
Bay. The third site is the Bayou St. John in New 
Orleans, Louisiana. It is listed as a freshwater site, 
but the Bayou St. John is an estuary connected to 
the Gulf of Mexico and the students have been 
collecting salinity data. The measurements at the 
first two sites were collected by Robertsdale High 
School and Cabrini High in New Orleans took 
measurements at the third site. 


Students at Robertsdale High School were curious 
to see how their measurements compare with the 
other two sites and formed the following 
hypothesis. 


Hypothesis: Salinity will be highest at Mary Ann 
Beach and lowest at the nearby Boat Ramp, which 
should receive the highest amount fresh water. 
Salinity at Bayou St. John (part of the delta of the 
Mississippi River) will be in between. 


Collecting and Analyzing Data 


The students plot time series of salinity for the 
three sites. Although Robertsdale High School 
usually used the hydrometer to measure salinity, 
sometimes they used the salinity titration method 
as well. The measured values collected with the 
titration were similar to those collected using the 
hydrometer (Figure HY-SA-4) so they decided to 
concentrate on just the hydrometer readings. 


They plot the monthly average salinity at the three 
sites (Figure HY-SA-5). 
The average monthly salinity at the boat site is 


always less than 5 ppt and definitely the lowest of 
the three sites. The salinity at Bayou St. John 


ranged from 5 to 10 ppt. However, the salinity at 
Mary Ann Beach ranges from 5 to 25 Ppt. This is 
too low to be considered ocean waters. The 
students are surprised to see how much 
fluctuation in salinity occurs at the beach, but 
realize upon further research that it is fairly typical 
of estuary environments. 


Discussion and Conclusions 


They decide that their hypothesis is mostly 
correct. The salinity at the boat site is the lowest 
and Bayou tends to be lower than at Mary Ann 
Beach, although there are some overlapping 
values. 


They are not sure whether the fluctuations in 
salinity are due to tides (lower tides might lead to 
lower salinity) or temperature, or perhaps both. 


They plot the average monthly water temperature 
and hydrometer salinity (Figure HY-SA-6). There 
are some similarities in pattern, but the 
temperature —salinity relationship is not as 
obvious here as at some other sites (such as in the 
Tabor Academy example), so they know some 
other factors such as tide and freshwater influx 
must be influencing salinity as well. 


Communicating Results 
The students print out their graphs and write a 
report discussing their results. They also give an 
oral report to their class. 


Thoughts for Future Research 

All three sites are examples of different estuarine 
conditions that exist in a river mouth habitat. de 
other estuaries being studied by GLOBE schools 
Can they find data from other estuaries on the 
Web or in books? How does salinity vary at these 
sites? 
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pH Protocol 


Purpose 


To measure the pH of water 


Overview 

Students will use either a pH meter or pH paper 
to measure the pH of water. If using the pH meter, 
the meter needs to be calibrated with buffer solutions 


that have pH values of 4, 7, and 10. 


Student Outcomes 
Students will learn to, 

- use either a pH meter or pH paper ; 

- understand the differences among acid, 
basic and neutral pH values; 

- examine reasons for changes in the pH of 
a water body; 

- communicate project results with other 
GLOBE schools; 

- collaborate with other GLOBE schools 
(within your country or other countries); 
and 

- share observations by submitting data to 
the GLOBE archive. 


Science Concepts 
Earth and Space Science 

Earth materials are solid rocks, soils, water 
and the atmosphere. 

Water is a solvent. 

Each element moves among different 
Teservoirs (biosphere, lithosphere, 
atmosphere, hydrosphere). 

Physical Sciences 
Objects have observable properties. 
Life Sciences 

Organisms can only survive in environments 
where their needs are met. 

Earth has many different environments that 
Support different combinations of 
Organisms. 

Organisms change the environment in which 
they live. 


Hu х 
тапѕ сап change natural environments. 


All organisms must be able to obtain and 
use resources while living in a constantly 
changing environment. 

Scientific Inquiry Abilities 

Use a chemical test strip or pH meter to 
measure pH. 

Identify answerable questions. 

Design and conduct scientific 
investigations. 

Use appropriate mathematics to analyze 
data. 

Develop descriptions and explanations 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and explanations. 


Time 
10 minutes 


Level 
All 


Frequency 
Weekly 


Materials and Tools 
For measuring pH with pH paper: 
- Hydrology Investigation Data Sheet 
- Using pH Paper (Electrical Conductivity 
Greater Than 200mS/cm) Field Guide 
OR Using pH Paper (Electrical 
Conductivity Less Than 200mS/cm) Field 
Guide 
- pH paper 
- 50-mL or 100-mL beaker 
- Latex gloves 
For measuring pH with the pH meter: 
- Hydrology Investigation Data Sheet 
- Using a pH Meter (Electrical Conductivity 
Greater Than 200mS/cm) Field Guide 
OR Using a pH Meter (Electrical 
Conductivity Less Than 200mS/cm) Field 
Guide 
- pH meter 
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- Distilled water 

- Clean paper towel or soft tissue 

- pH 7.0, 4.0, and 10.0 buffer solutions 
= Three 100-mL jars with lids _ 

- 100-mL beaker 


pH Protocol ~ 
Introduction 


pH measures the acid content of water. The pH 
scale (measured from 0.0 — 14.0 pH units) is a 
logarithmic scale of the hydrogen ion 
concentration. Solutions with a pH greater than 
7.0 are classified as basic and ones with a pH less 
than 7.0 as acidic. A pH of 7.0 is neutral. Each 
pH unit is ten times greater in hydrogen ion 
concentration than the next. For example, a pH 
4.0 water has 10 times the hydrogen ion 
concentration of water with a pH 5.0. A pH of 
3.0 contains 100 times the acid content of pH 
5.0. For this reason a small change in pH could 
have significant effects in water quality. 


Most lakes and streams have pH values that range 
between 6.5 and 8.5. Pure water that is not in 
contact with air has a neutral pH value of 7.0. 
Water with impurities may also have a pH of 7.0 


Figure HY-pH-1 
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Preparation ДЕГ 


Meters must be calibrated before each це. 


Recommended Learning Activities: Practicing 
Your Protocols: pH (e-guide only) and 
The pH Game (e-guide only) 


Prerequisites 


Electrical Conductivity Protocol 


if the acids present are in balance with the bases. 
Oceans are well buffered and have a constant pH 
of about 8.2. One can find waters that are 
naturally more acidic in areas with certain types of 
minerals present (e.g., sulfides). Mining activity can 
also release acid causing minerals to water bodies. 
Naturally occurring basic waters are found typically 
in areas where the soil is rich in minerals such as 
calcite or limestone. Acids and bases can also enter 
water bodies as by-products of human activities. 


pH affects most chemical and biological processes 
in water. pH has a strong influence on what can 
live in the water; aquatic organisms have certain 
pH ranges they prefer or require. Salamanders, 
frogs and other amphibian life, as well as many 
macroinvertebrates, are particularly sensitive to 
extreme pH levels. Most insects, amphibians and 
fish are absent in water bodies with pH below 
4.0 or above 10.0. Figure HY-pH-1 shows the pH 
values of some common substances and the letha 
limits for fish species. 
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Teacher Support 


Special Note on Electrical Conductivity 


The accuracy of pH papers and pH meters 
depends on the electrical conductivity of the water. 
The electrical conductivity of the water needs to 
be at least 200 mS/cm for the paper and pH meter 
to measure accurately. Oceans and brackish waters 
have conductivity values much higher than 200 
mS/cm. If you are not sure if the fresh water at 
your Hydrology Site has a conductivity value high 
enough for the measurement technique (paper or 
meter), measure the electrical conductivity before 
taking your pH measurements. After you know 
the electrical conductivity value of the water, use 
theappropriate pH field guide. There are four field 
guides to choose from: 


* Using pH paper with water that has an 
electrical conductivity greater than 200 
mS/cm. 

Using pH paper with water that has an 
electrical conductivity less than 200 
mS/cm. 

Using a pH meter with water that has an 
electrical conductivity greater than 200 
mS/cm. 

Using a pH meter with water that has an 
electrical conductivity less than 200 mS/cm. 


Ifyou do not have an electrical conductivity meter 
and you would like to measure the pH, you run 
the tisk of the data not being accurate, and so it is 
highly recommended that you take electrical 
Шыу measurements. If your water has a 
ru transparency (lots of dissolved solids), it is 
ikely that the water has a conductivity value 
zer than 200 mS/cm. 1f you are close to the 
highel of the water (for example, snow melt or 
і шшш), then you can add a small amount 
feld as indicated in the pH paper and meter 

: a for conductivity values less than 200 


Advance Preparation 
Younger students 

Concept of acid and 
With the characteris 
Juice and vinegar Я 


may have difficulty with the 
bases. But they will be familiar 
tic taste of acids such as lemon 
nd of bases such as milk and 


soap. Use The pH Game Learning Activity to 
introduce your students to the concept of pH. To 
insure accuracy of the pH data in fresh water, it is 
necessary to take an electrical conductivity 
measurement beforehand. Have your students 
review the Electrical Conductivity Protocol. 


Measurement Procedure 

The Field Guide you use depends on the electrical 
conductivity of water and whether you are using 
a pH meter or pH paper. If you know that the 
water at your hydrology site has a high electrical 
conductivity, then it is not necessary to measure 
the electrical conductivity before the pH. If you 
are not sure, do the electrical conductivity 
measurement before the pH measurement. You 
may need to take a sample of water back to the 
lab to get the temperature of the water between 
10°C and 20°C (see Electrical Conductivity Protocol). 


Paper vs. Meter: Which instrument should you 
use? 
There are two methods of measuring pH in 
GLOBE. The advantages and disadvantages of the 
methods are, 
pH paper 

Advantages 

- easy for young children to use 

- does not need calibration 

Disadvantages 

- resolution is not as good as meters (reads in 

0.5 pH unit increments) 

- it is not temperature compensated. 
If you are buying pH paper for use in collecting 
GLOBE data, pay special attention to the quality 
of paper you choose. The GLOBE Hydrology team 
maintains a Web site that may be accessed through 
the Scientists Corner on the GLOBE Web site 
where information may be found on pH papers 
that have been tested by the scientists. 


pH meter 
Advantages 
- measures to 0.1 pH units. 
- may be temperature compensated 
Note: Avoid using meters with a one point 
calibration. 
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Disadvantages 

- the meter must be calibrated with buffer 
solutions before each use. 

- more expensive than pH paper. 

- performance deteriorates over time. 


Better meters have at least a two point calibration 
and have an automatic temperature compensation 
(ATC). Buffer solutions may be ordered in liquid 
or powdered form. The liquid is more expensive 
and has a shorter shelf life, but may be more 
convenient than mixing the powdered buffers. 
Most meters require the small, flat ‘watch-type’ 
batteries. Although the batteries last a long time, 
if the meter is turned off when not in use, it is a 
good idea to have an extra set of batteries on hand. 


Calibrating pH Meters 


Your pH meter must be calibrated before every 
use. If you are measuring the pH at the hydrology 
site, then the meter should be calibrated at the 
hydrology site as well. If you are measuring the 
pH in the lab, then calibrate in the lab before 
taking the measurement. Instruments vary in the 
calibration procedure, so you must carefully read 
the instructions for calibration that came with your 
meter. 


NEVER report pH data taken with an instrument 
that has not calibrated! 


Source: Jan Smolík, 1996, TEREZA, Association for Environmental Education, Cz 


Follow the instructions that come with your pH 
meter for conditioning the electrode of your pH 
meter. Most meters require soaking the electrode 
in water for at least 30 minutes before each use, 


Calibrating pH Paper 

You do not calibrate pH Paper. However, to make 
sure that your pH paper is reading correctly, you 
can compare the results of the pH paper with the 
results from using a calibrated pH meter (if you 
have one). If you do not have a meter, use a strip 
of pH paper to test a known standard Such as a 
pH buffer solution or a fresh soda at room 
temperature. 


Some known values are: 


Coca-Cola 2.5 
RC-cola 2.5 
Mr. Pibb 2.8 
Pepsi-Cola 2.5 
Sprite 3.2 


Supporting Protocols 

Atmosphere and Soil: GLOBE students take pH of 
Water, precipitation and soil. It is interesting for 
students, and informative for the scientists, to 
collect and compare all three measurements. 


Hydrology: For a better understanding of your pH 
data, it is useful to also measure alkalinity. 
Alkalinity is a measure of the buffering capacity 
of the water, indicating whether the site will be 
sensitive to influxes of acid. It is also helpful to 
know the soil or rock type and land cover in your 
area. 


'ech Republic 
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Source: 
“Jan Smolík, 1996, TEREZA, Association for Environmental Education, Czech Republic 
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Instrument Maintenance 
pH paper 


The pH paper should be stored in its own box in 
a dry place. It should not be stored in too hot or 
wet environments. Discard the paper if it gets wet 
or damp during storage. 


pH meter 

. Follow the manufacturers directions for 
caring for your instrument. 

. Make sure to condition your meter 
according to the manufacturers directions 
but do not store the instrument standing 
in water. 

3. Turn it off when not in use. 

- Replace cap after use to protect the 
electrode. 

5. Do not submerge the whole instrument in 

water during use. Only the tip of the 

instrument, where the electrode is located, 
should be placed under water. 

Do not drop or handle roughly. Store in a 

safe place. 

7. The meter has started to deteriorate if it 

will not keep its calibration. Replace it if 
this happens. 


PH buffer solutions 


1. Pre-mixed, unused solutions can be stored 
for one year as long as they have not been 
contaminated. Keep them in a tightly 
capped bottle. 

Buffer solutions that use a powder mixed 
with distilled water may be stored for one 
month in a tightly capped bottle after 
mixing. 
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Questions for Further In Vestigation 
What changes in your watershed could have an 
affect on the pH reading at your water site? 
How do the pH values at your site compare with 
values from other sites within your watershed? 
What animals and plants would live in your water 


at the current pH reading? Are there animals and 
plants that would not live here? 


How might your alkalinity measurement help you 
to understand your pH measurement? 


How does the pH of your water compare to the 
PH of the soil and rainfall near your school? 


Hydrology 


Using pH Paper (Electrical Conductivity Greater than 200 mS/cm) 
Field Guide 


Task 


Measure the pH of your water sample using pH paper. 


What You Need 
0 Hydrology Investigation Data Sheet ÛJ Latex gloves 
Ш pH paper О Pen or pencil 


Ш 100-mL beaker 


Inthe Field 
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. Fill in the top part of your Hydrology Investigation Data Sheet. 


In the pH section of the Data Sheet, check the box next to ‘pH paper’. 


. Put on latex gloves. 


‚ Rinse the beaker with sample water three times. 


Fill the beaker halfway with sample water. 


. Follow the instructions that come with your paper for testing the pH of the sample. 


Record your pH on the Data Sheet as Observer 1. 


Repeat steps 4-6 using new water samples and new pieces of paper. Record the data on the 
Data Sheet as Observer 2 and Observer 3. 


. Find the average of the three observations. 


Check to make sure that each observation is within 1.0 pH units of the average. If they are not 
Within 1.0 units of the average, repeat the measurements. If your measurements are still not 
within 1.0 pH units of the average, discuss possible problems with your teacher. 


: Discard used pH paper and gloves in a waste container. Rinse the beaker with distilled water. 
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Using nH Paper (Electrical Conductivity Less than 200 ms/em) 
Field Guide 


Task 


To use pH paper to measure the 
than 200 mS/cm 


pH of your fresh water sample with electrical conductivity values less 


What You Need 

(m Hydrology Investigation Data Sheet О Clean paper towel or soft tissue 
Ч Electrical Conductivity Protocol Field Guide О Latex gloves 

Latex gloves Ч Tweezers 

О pH paper Ч salt crystals’ or table salt 

Ш Pen or pencil (m) Stirring rod or spoon 

О Electrical conductivity tester О Thermometer 

О Two 100-mL beaker or cups О Pen or pencil 

In the Field 


1. Fill in the top part of your Hydrology Investigation Data Sheet. In the pH section of the sheet, 
check the box next to ‘pH paper’. 


2. Put on latex gloves, 

3. Rinse tweezers in sample water and dry with paper towel. 
^. Rinse two beakers or cups with sample water three times. 
5. Fill one beaker or cup with about 50 mL of sample water 


6. Using the tweezers, place one crystal of salt in the sample water. (If you do not have salt 
crystals, fill this letter O with table salt and pour that into the sample water). 
7. Sür thoroughly with stirring rod or spoon, 


8. Measure the electrical conductivity of the treated sample water using the Electrical Conductivity 
Protocol. 


10. Record your PH on the Data Sheet as Observer 1. 


11. Repeat steps 3-9 using new water samples and new Pieces of paper. Record the data on the 
Data Sheet as Observer 2 and Observer 3, 


Ae 
within 1.0 pH units of the average, discuss possible Problems with your teacher. 7 
14. Discard used pH paper and gloves in 4 Waste container. Rinse the beaker with distilled water 
"A note regarding salt crystals, Crystal of about 0 5-20 in di. c very finely 
b A Р c ^, CU mm in diameter ar ј гогк with than the e 
ground “table salt” used is some countries. In North America, the larger salt B Ee bier as "sea salt 
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Frequently Asked Questions 
1, Why could I not find a color match with the 
aper? 

S om: of your water might be low (see 
Electrical Conductivity Protocol). The pH paper 
takes longer to react with the water if the 
conductivity is less than 400 microSiemens/cm 
(mS/cm). If your water has a conductivity of less 
than 300 mS/cm, some pH paper does not work 
well. Another reason you may have problems is if 
your pH paper is old or has not been stored 


properly. 


GLOBE® 2003 


2. What do I do if the pH seems to 

be between two color matches on 

the box? 

Report the match that is the closest. This is 

the reason we have three students do the protocol. 
Taking the average of the three readings gives a 
more accurate measurement. 
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Using A pH Meter (Electrical Conductivity Greater than 209 mS/cm) 
Field Guide 


Task 
Measure the pH of your water sample using a pH meter. 


What You Need 

J Hydrology Investigation Data Sheet О Distilled water in wash bottle 
Ч pH meter Ч Clean paper towel or soft tissue 
LI 100-mL beaker О Latex gloves 

[ 25 mL of pH 7.0 buffer solution in a jar Penor pencil 


with a lid - this jar should be labeled pH 7.0 


ÛJ 25 mL of pH 4.0 buffer solution in a jar 
with a lid - this jar should be labeled pH 4.0 


О 25 mL of pH 10.0 buffer solution in a jar 
with a lid - this jar should be labeled pH 10.0 


Note: Each jar should have an opening large 
enough to immerse the pH meter 


In the Field 


1. Fill in the top portion of the Hydrology Investigation Data Sheet. Check pH meter as your 
instrument. 


2. Put on the latex gloves. 
3. Remove the cap from the meter that covers the electrode (the glass bulb on the pH meter). 


4. Rinse the electrode on the meter and the area around it with distilled water in the wash bottle. 


Blot the meter dry with a clean Paper towel or tissue. Note: Do not rub the electrode or touch it 
with your fingers, 


5. Rinse the electrode with distilled water and blot dry again. 

6. Calibrate the pH meter according to the manufacturers directions. 
7. Rinse a 100-mL beaker three times With sample water. 

8. Pour 50 mL of sample water into the 100-mL beaker. 


9. Put the electrode Part of the meter into the water. 


10. Stir once with meter. Do not let the meter touch the bottom or sides of the beaker. Wait for one 
minute. If the pH meter is still changing numbers, wait another minute. 
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1, Record the pH value on the Data Sheet under Observer 1 


2. Repeat steps 4-10 twice using new water samples. Ri 
Bs Observer 3 ples. Record data on the Data Sheet as Observer 2 


3. Rinse the electrode with distilled water and blot d 
protect the electrode. ту. Turn off the meter. Put on the cap to 


4. Calculate the average of the three observations 


5. Check to see if each of the three observations is withi 
hec s is within 0.2 of the average. If 
within те record the average on the Data Sheet. If all three Scie ai Eon 
m \ : fae ت‎ a new average. Check to see if all three Sa aad 
in 0.2. If they are, record the average. If Га 
Bis ge. If they are not, talk to your teacher about possible 
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Using A pH Meter (Electrical Conductivity Less than 200 mS/cm) 


Field Guide 


Task 
To use a pH meter to measure the 
less than 200 mS/cm 


pH of your fresh water sample with electrical conductivity values 


What You Need 

Ч Hydrology Investigation Data Sheet О Standard solution for electrical conductivity 
tester 

Г] Electrical Conductivity Protocol Field Guide О Distilled water in wash bottle 

m) pH meter О Clean paper towel or soft tissue 

Ч Electrical conductivity tester О Latex gloves 

О Two 100-mL beaker Ч salt crystals' or table salt 

О 25 mL of pH 7.0 buffer solution in a jar Ч Tweezers 


with a lid - this jar should be labeled "pH 7.0” 


Ч 25 mL of pH 4.0 buffer solution in a jar 
with a lid - this jar should be labeled ‘pH 4.0” О Thermometer 


О 25 mL of pH 10.0 buffer solution in a jar О Pen or pencil 
with a lid - this jar should be labeled *pH 10.0" 


m) Stirring rod or spoon 


Note: Each jar should have an opening 
large enough to immerse the pH meter 


In the Field 


1. Fill in the top part of your Hydrology Investigation Data Sheet, In the pH section of the sheet, 
check the box next to ‘PH meter’, 


2. Put on latex gloves. 

3. Rinse tweezers in sample water and dry with paper towel. 
4. Rinse two beakers or cups with sample water three times. 
5. Fill one beaker or cup with about 100 mL of sample water 


6. Using the tweezers, place one crystal of salt in the sample water. (If you do not have salt 
crystals, fill this letter O with table salt and pour that into the sample water). 


7. Stir thoroughly with stirring rod or spoon. 


* A noti i M { ; finely 
Bind ubi. ee salt crystals. Crystal of about 0.5 — 2.0mm in diameter are much easier to work with than the very 


used is some countries, In North America, the larger salt crystals are often marketed as "sea salt’ 
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8. Measure the electrical conductivity of the treated sample water using the Electrical Conductivity 
Protocol. 


a. If the electrical conductivity is at least 200 mS/cm, record value on Data Sheet. Go to step 9. 


b. If the electrical conductivity is still less than 200 mS/cm, go to step 6 and repeat until you 
get a value that is at least 200 mS/cm. 


9, Remove the cap from the meter that covers the electrode (the glass bulb on the pH meter). 


10. Rinse the electrode on the meter and the area around it with distilled water from the rinse 
bottle. Blot the meter dry with a clean paper towel. Note: Do not rub the electrode or touch it 
with your fingers. 


11, Rinse the electrode with distilled water and blot dry again. 
12. Calibrate the pH meter according to the manufacturers directions. 
13. Put the electrode part of the pH meter into the treated sample water. 


14. Stir once with meter. Do not let the meter touch the bottom or sides of the beaker, Wait for 
one minute. If the pH meter is still changing numbers, wait another minute. 


15. Record the pH value on the Data Sheet under Observer 1. 


16. Repeat steps 3-14 using new water samples. You do NOT need to calibrate the pH meter 
again. Record conductivity and pH values on Data Sheet as Observer 2 and Observer 3. 


17. Rinse the electrode with distilled water and blot dry. Turn off the meter. Put on the cap to 
protect the electrode. 


18. Calculate the average of the three observations. 


19. Check to see if each of the three observations is within 0.2 of the average. If all three are 
Within 0.2, record the average on the Data Sheet. If all three observations are not within 0.2, 
Tepeat the measurements. Calculate a new average. Check to see if all three observations are 
within 0.2. If they are, record the average. If they are not, talk to your teacher about possible 
problems, 
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Frequently Asked Questions 
1. What things might affect the accuracy of my 
pH meter reading? 

* The pH meter will not work well if the 
conductivity of the water is less than 100 
mS/cm. See Electrical Conductivity Protocol. 

* The pH meter must be calibrated every 
time it is used. 

* The batteries may need to be replaced. 


2. Does water temperature affect my pH 
reading? 

A change in water temperature can actually change 
the pH value of your water. Since we want to know 
the actual pH value, we do not correct for this 
change. 


Temperature can also affect the performance of 
the meter. The electrode is designed so there is no 
temperature sensitivity when the pH is 7.0. As 
the рН moves away from this value, the water 
temperature affects meter accuracy. Meters with 
automatic temperature compensation (ATC) 
correct for the temperature of the water at values 
above and below 7.0 by a factor of 0.003 pH/C/ 
pH unit away from pH 7. They correct for meter 
error. They do not correct for actual changes in 
pH. 
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3. Does high salt concentration 
affect pH? 

Salt concentration can affect pH. As salt 
concentration increases, pH can increase. This is 
not a linear relationship, but can be important in 
estuaries, where the salinity varies with the tide, 
Taking into account salinity or conductivity data 
may be useful in understanding variations in your 
pH measurements. 


4. Why may pH measurements be inaccurate 
in low conductivity waters? 

To measure the hydrogen ion concentration, you 
are actually measuring the potential of the 
hydrogen ions. Other ions have to be present to 
pass the current to make this measurement. When 
they are at too low of a concentration the meter 
slowly drifts and if the drift is really slow, the meter 
locks in on an incorrect measurement. 
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Looking at the Data 


Arethe data reasonable? 

The pH values for your water site will depend on 
the geology of your area, soil and vegetation of 
your watershed, and other inputs into your water 
body. Where air masses come from may affect the 
pH of the water. Many water bodies are slightly 
acidic, with values ranging from 5.0 to 7.0. Areas 
with deposits of limestone or other calcium 
carbonate rock forms may be more basic, with 
values from 7.0 to 9.0. Oceans are well buffered 
and have a constant pH of about 8.2. 


When examining the pH data in the GLOBE 
database, it is important to keep in mind the 
different instruments that students may be using. 
Elementary schools using pH paper may seem to 
have pH data that appear more variable. Their data 
may vary by a whole or one half pH unit on a 
weekly basis since the paper only measures in 
whole or half units. 


What do scientists look for in the data? 


Since most organisms are sensitive to changes in 
water pH, scientists monitor unusual decreases or 
increases in the pH of water bodies. pH does not 
normally change a great deal, although you may 
find some seasonal trends due to changes in 
temperature, rainfall patterns, or land cover. 


Alkalinity is a buffer against acid influx into a water 

ly A sudden decrease in pH should correspond 
with decreasing alkalinity. Waters with higher 
alkalinity should show less pH drop after an 
addition of acid, like acid rain. 


Example of a Student Research Project 
Forming a Hypothesis 
Å student is exami 


inE 
the 


ning the pH of streams and lakes 
"rope. He knows that much of the acidity in 
"ird - from acid rain. The acid rain 
throughout жо) be unevenly distributed 
amounts of е year due to seasonally varying 

e oe cipitation, as well as differences in 
annual Pind: e direction. He hypothesizes that 
certain wate s might be present in the pH data for 

T bodies in Europe. 
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Collecting and Analyzing Data 


His first task is to locate an area that it likely to be 
susceptible to acid precipitation. After researching 
the topic, the student discovers that the 
northwestern part of Europe receives the most acid 
rain for this continent. This is most likely to be 
an area that the water in lakes and streams is 
already fairly acidic. 


He starts by examining the GLOBE map for 
Europe. He makes maps showing the monthly 
averages for pH over this region for each month 
out of the year 2001 (Figure HY-pH-1). He notices 
that certain schools in Scandinavia appear to show 
what might be considered an annual trend in pH. 
He then looks at the Scandinavian schools 
independently by plotting GLOBE graphs for each 
school. He chooses four schools that appear to 
show the strongest trend in pH. The schools 
chosen are: Husbyskolan in Kista, Sweden; St. 
Eriks Gymnasium, in Stockholm, Sweden; Sem 
skole (13-16) in Sem, Norway; and Vang barne- 
og ungdomsskule (6-16) in Valdres, Norway. The 
pH plots for these schools from 1999 to 2002 are 
shown in Figure HY-pH-2. It appears from these 
graphs that the pH values are higher in the 
summer and lower in the winter for the chosen 
sites. 


In order to examine this more carefully, the student 
downloads the data from these graphs into a 
spreadsheet (Table HY-pH-1, column 1-5). He 
then calculates the average pH for the year for 
each school . He then creates a column (Table HY- 
pH-1, last row) for each school that shows 
deviations for each data point from the calculated 


averages: 
Deviation = Observed pH — average pH 


The student then counts the number of positive 
and negative deviations for each month from the 
data obtained and records them in Table HY-pH-2. 


By viewing the data in this manner the student is 
able to see that the months December through 
March show more negative deviations than 
positive deviations. Negative deviations are below 
the average while positive deviations are above 
the average. So between December and March, 
the pH was generally below the average pH value. 
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The months May through October show more 
positive deviations from the average than negative 
deviations, which indicates that they were higher 
in pH than the average value. The months April 
and November have equal and near equal positive 
and negative deviations. 


He concludes that in Scandinavia, the cooler 
months show pH values below average and the 
summer months show pH values above average. 
Therefore, the student's hypothesis was correct: 
an annual trend in pH can be detected in northern 
European GLOBE schools. 


Future Work 

The student would like to investigate further and 
find out if these findings can be explained by 
rainfall patterns and precipitation pH values for 
this part of Europe. 
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Figure HY-pH-2: Monthly pH Values for Some European GLOBE Schools 
January February 


B. 
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Figure HY-pH-3: Temporal pH Data for Certain Scandinavian GLOBE Schools 
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1: Measured Values and Deviations from Mean Values for Certain Scandinavian Schools 
Table HY.pH-1: 


Measured Values Ее = Deviations from Mean 
Stockholm | Kista Valdres Sem Stockholm Kista Valdres 
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Table pH-1: continued 


Measured Values 


Date Sem Stockholm Kista 


Deviations from Mean 


Valdres 


Sem Stockholm E Kista 
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Table pH-1: continued 


Deviations from Mean 


Stockholm Valdres 


Table HY-pH-2: Monthly Deviation Totals from Four Scandinavian GLOBE Schools 
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Alkalinity Protocol 


Purpose 


To measure the alkalinity of a water sample 


Overview 

Students will use an alkalinity kit to measure 
the alkalinity in the water at their hydrology site. 
The exact procedure depends on the instructions 
inthe alkalinity kit used. 


Student Outcomes 


Students will learn to, 

- use an alkalinity kit; 
examine reasons for changes in the 
alkalinity of a water body; 
explain the difference between pH and 
alkalinity; 
- communicate project results with other 
GLOBE schools; 
collaborate with other GLOBE schools 
(within your country or other countries); 
and 
share observations by submitting data to 
the GLOBE archive. 
Science Concepts 
Earth and Space Science 

Earth materials are solid rocks, soils, water 
and the atmosphere. 

Water is a solvent. 

Each element moves among different 
Teservoirs (biosphere, lithosphere, 
atmosphere, hydrosphere). 

Physical Sciences 
Objects have observable properties. 
Life Sciences 

Organisms can only survive in 
&hvironments where their needs are met. 

Earth has many different environments that 


Support different combinations of 
Organisms. 


oe can change natural environments. 

oo must be able to obtain and 

rd urces while living in a constantly 
Bing environment. 


Scientific Inquiry Abilities 

Use a chemical test kit to measure alkalinity. 

Identify answerable questions. 

Design and conduct scientific 
investigations. 

Use appropriate mathematics to analyze data. 

Develop descriptions and explanations 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and explanations. 


Time 
15 minutes 
Quality Control Procedure: 20 minutes 


Level 
Middle and Secondary 


Frequency 
Weekly 
Quality Control Procedure: twice a year 


Materials and Tools 
Alkalinity test kit 
Hydrology Investigation Data Sheet 
Making the Baking Soda Alkalinity Standard 
Lab Guide (optional) 
Alkalinity Protocol Field Guide 
Distilled water in wash bottle 
Latex gloves 
Safety goggles 
For Quality Control Procedure, the above 
plus: 
- Alkalinity standard 
- Hydrology Investigation Quality 
Control Procedure Data Sheet 
- Quality Control Procedure for Alkalinity 
Lab Guide 
Preparation 
Suggested activities: Practicing Your Protocols: 
Alkalinity (e-guide only) 


Prerequisites 


Discussion of safety procedures when using 
chemical test kits 


GLOBES 2003 


Alkalinity Protocol - 1 


Hydrology 


иоцэпродщ 9UJODISM 


510200;а 


D 
S 
З 
5 
ga 
> 
с 
< 
ES. 
fb 
Ww 


xipuaddy 


a 


g 


Alkalinity Protocol = 
Introduction 


Alkalinity and pH are properties of water that are 
related, but different. Alkalinity is the measure of 
the pH buffering capacity of the water. pH, on 
the other hand, is the acidity of water. (refer to 
pH Protocol). pH is a very important water quality 
parameter. Many plants and animals have very 
specific pH requirements and are harmed by 
sudden pH changes or extreme pH values. What 
happens to the pH of your water if acid is added? 
The answer depends on how much alkalinity is 
in the water and how much acid is added. 


Alkalinity is expressed as the amount of calcium 
carbonate (CaCO,) in your water, although other 
substances can contribute to alkalinity as well. The 
units of alkalinity are either part per million (ppm) 
or mg/L. These units are equivalent, as 1 ppm = 
1 mg/L. 

Let us say your water has a high alkalinity. When 
acid is added to the water, the alkalinity neutralizes 
the acid. Some of the alkalinity will be used up, 
so that alkalinity will go down. If more acid is 
added, the alkalinity will continue to decrease. 
Eventually, when the alkalinity is low enough, 
adding acid will cause the pH to decrease. 


When water has high alkalinity, we say that it is 
well buffered. It resists a decrease in pH when acidic 
water, such as rain or snowmelt, enters it. 
Alkalinity comes from dissolved rocks, particularly 
limestone (CaCO,), and soils. It is added to the 
water naturally as water comes in contact with 
rocks and soil. Water dissolves the CaCO,, 
carrying it into streams and lakes. Lakes and 
streams in areas rich in limestone bedrock will 
tend to have a higher alkalinity than those in 
regions with non-carbonate bedrock. 


If water has an alkalinity below about 100 mg/L 
as CaCO,, it is poorly buffered and pH sensitive. A 
big rainfall or snowmelt event could add enough 
acid to lower the pH in a sensitive system. This 
could be harmful to the plants and animals that 
live there, particularly at certain times of the year 
(e.g., when fish or insect larvae are hatching). 


Teacher Support 


Advance Preparation 


The Practicing Your Protocols: Alkalinity Learning 
Activity, will help students understand the variables 
that may affect their measurements. 


Perform the Quality Control Procedure if it has not 
been done within six months. 


Measurement Procedures 


These kits are based on the technique of adding a 
pH sensitive color indicator to the sample and then 
adding an acid titrant solution drop by drop until 
a color change is observed. 


There are a number of techniques the students 
should follow to take quality data. 


1. Have the students read the directions before 
they begin to make sure they understand 
the procedure. 

2. Measure carefully. Read the volume of the 

sample in the sample bottle at eye level 

Read at the bottom of the meniscus. 

If using a titrator, make sure that the titrator 

is being read correctly. Most kits include 

instructions for the proper use of titrators. 

Make sure the students are familiar with the 

units on the titrator. 

If the alkalinity kit uses drops, hold the 

dropper bottle vertically so that all of the 

drops are the same size. 

. During the Quality Control Procedure and 
actual water testing, be sure to note the 
color change that gives the correct a 
alkalinity. In many kits, it is an intermediate 
color change that gives the correct —— 
alkalinity and not the final color. For kits 
with an intermediate color (such as 4 
LaMotte kit), if you are not sure when the 
intermediate color change occurs; read the 
titrator or write down the number of drop 
when you think it might be first occurring 
For kits with only one color change during 
titration, add one more drop to see Dd 
color changes further. If it does not, 9 
previous number you wrote down. 
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Quality Control Procedure 
For the Quality Control Procedure, you may make 
your own baking soda standard (Making the Baking 
Soda Alkalinity Standard Lab Guide). Alternatively, 
ou may purchase a ready-made alkalinity 
standard solution. Please make sure to note which 
standard you are using in the Hydrology Quality 
Control Procedure Data Sheet. 


The alkalinity of the baking soda standard is 
approximately 84 mg/L. It is the sum of the true 
alkalinity of the baking soda added (70 mg/L) plus 
the alkalinity of the distilled water used (usually 
14 mg/L or less): 


70 mg/L + 14 mg/L = 84 mg/L. 


The purity of distilled water available worldwide 
varies significantly. As a result, its alkalinity is also 
variable. Unfortunately, most alkalinity test kits 
are not capable of producing accurate 
measurements for samples of very low alkalinities 
(ie. less than 30 mg/L). As a result, it is very 
difficult to determine the actual alkalinity of your 
distilled water and therefore the alkalinity of your 
baking soda standard solution. To account for this, 
the actual measurement of your baking soda 
standard should be 84 mg/L +10 mg/L. If the 
alkalinity of your baking soda standard is 
measured to be less than 74 mg/L or greater than 
94 mg/L, prepare a new standard making sure 
your weights and dilutions are accurate. If you 
are still off by more than +10 mg/L, you may need 
to replace the reagents of your test kit. 


M mie alkalinity standards have a precisely 
beak alkalinity. During the Quality Control 
il cedure, your resultant measurement should be 

€ actual alkalinity of your standard plus or 


min А 
Us the maximum acceptable difference for 
Your test kit, 
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Alkalinity Kit Precisions 


Different alkalinity test kits have different 
precisions. Below are values for the maximum 
acceptable differences for some common test kits. 


LaMotte +8 mg/L 
Hach + 6.8 mg/L 
(Low Range, 0-10 mg/L) 


+17 mg/L 
(High Range, 0-50 mg/L) 


If your alkalinity test kit is not listed in the table 
above and you are not certain how to determine 
the precision of your kit, please contact your 
GLOBE Country Coordinator or the GLOBE Help 
Desk and provide them with the manufacturer 
and model of your kit. 


Safety Precautions 


* Students should wear gloves when 
handling chemicals and water that may 
contain potentially harmful substances. 

* Students should wear goggles when 
working with chemicals. 

* Local authorities should be consulted on 
the proper disposal of used chemicals. 


Supporting Protocols 

pH: Alkalinity is directly related to pH; waters 
with higher alkalinity are more resistant to 
changes in pH from the influx of acid. It is, 
therefore, important to collect accurate pH data 
to compare with your alkalinity data. 


Atmosphere: Atmosphere measurements, 
especially precipitation and temperature, are also 
important for interpreting your alkalinity data. 
Heavy rain or snowmelt, resulting in an influx of 
large amounts of freshwater to the system, may 
decrease your waters alkalinity. 


In addition, knowing the geology and soil types 
of your area may be important for interpreting 


your alkalinity data. 


Alkalinity Protocol - 3 


Hydrology 


V _ әшозәм 


иоңопроди 


S]OI0}O1d 


SOMAY Sumuea] 


xipueddy 


Ф 


N Helpful Hints 
• If your students are using multiple kits, 
mark the items in each kit with a dot of 
the same color. Use a different color for 
each kit. This will help avoid kit 


contamination by exchanging chemicals or 


A titrators between kits. 
v 
= 


Instrument Maintenance 

. The alkalinity kit should be kept in a dry 

place away from direct heat. 

. All chemicals should be kept tightly 

capped. 

Chemicals in the kits should last a year if 
they are not contaminated, and are stored 

Cy in a dry area away from extreme heat. 

4. The alkalinity standard should be kept 
refrigerated after opening and discarded 
after one year. 

‚ Store the titrator with the plunger 


7 removed to avoid the rubber end sticking 
in the tube. 
, ,| Questions for Further Investigation 


What is the relationship between changes in pH 
and changes in alkalinity at your site? 


= 


N 


©» 
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How might the type of rocks and soil in your 
watershed affect the alkalinity of your water site? 


What factors in your environment do you think 
might cause a change in the alkalinity at your site? 


Does the alkalinity at your site have a seasonal 
pattern? Does this same pattern exist at other sites? 


- 
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Making the Baking Soda Alkalinity 


Lab Guide 


What You Need 

О Baking soda (1.9 g) 

ÛJ Balance 

0 500-mL graduated cylinder 
Û Distilled water 


Inthe Lab 


1. Weigh out 1.9 g baking soda and add it to the 500-mL graduated cylinder. 


2. Pour distilled water into the cylinder with the baking soda to the 500-mL mark. 


ÛJ Stirring rod 
ÛJ 100-mL graduated cylinder 


О Pen or pencil 
Û 500-mL beaker 


3. Pour this baking soda solution into the 500-mL beaker, and stir it with a stirring rod to make 


sure all of the baking soda has dissolved. 


^. Rinse the 500-mL graduated cylinder with distilled water. Measure 15 mL of baking soda 
solution with the 100-mL graduated cylinder and pour it into the clean 500-mL graduated 


cylinder. 


5. Add distilled water to the solution in the 500-mL graduated cylinder to the 500-mL mark, 


6. This solution is your standard and has an alkalinity of approximately 84 mg/L. 
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Quality Control Procetlure for 
Alkalinity 


Lab Guide 


Task | 
Check the accuracy of your alkalinity kit. Practice using the alkalinity test kit correctly. 


What You Need 

(J Hydrology Quality Control Data Sheet О Goggles 

ÛJ Alkalinity test kit ( Pen or pencil 

ÛJ Alkalinity standard (A standard may T Latex gloves 
be purchased or you can mix a standard | 
following the Making the Baking Soda О 100-mL graduated cylinder 


Alhalinity Standard Lab Guide.) 


ÛJ Distilled water in wash bottle 


In the Lab 
. Put on the gloves and goggles 


2. Fill in the top part of the Hydrology Quality Control Data Sheet. Make sure to note the type of 
alkalinity standard you are using, as well as your kits manufacturer and model number. 


Measure the alkalinity of your standard solution following your kits directions. 
Note: Use the alkalinity standard as your water sample. 

Record the results on the Hydrology Quality Control Data Sheet. 

. Compare your results with the value of your alkalinity standard: 

- if you using the baking soda standard, your results should be 84 mg/L + 10 mg/L. 


- if you are using a ready-made standard, your results should be the actual alkalinity of your 
standard plus or minus the maximum acceptable difference for your test kit. 


Maximum acceptable differences for common alkalinity test kits 
LaMotte +8 mg/L 

Hach + 6.8 mg/L 

(Low Range, 0-10 mg/L) 


+ 17 mg/L 
(High Range, 0-50 mg/L) 
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6. If your measured values are not within the e 


xpected range, try doing the procedure aga 
using a fresh standard sample. 


7. If your value is still not within range, discuss possible problems with your teacher. 


ology 
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Mkalinity Protocol 


Field Guide 


Task 


Measure the alkalinity of your water sample. 


What You Need 

О Hydrology Investigation Data Sheet ÛJ Distilled water in wash bottle 
ÛJ Alkalinity test kit J Goggles 

0 Gloves ÛJ Pen or Pencil 

In the Field 


1. Fill out the top portion of your Hydrology Investigation Data Sheet. 

2. Put on the gloves and goggles 

3. Follow the instructions in your alkalinity kit to measure the alkalinity of your water. 

4. Record your measurement on the Hydrology Investigation Data Sheet as Observer 1. 

5. Repeat the measurement using fresh water samples. 

6. Record as Observers 2 and 3. 

7, Calculate the average of the three measurements. 

8. Each of your individual measurements should be within the acceptable range of the average. 


Maximum acceptable differences for common alkalinity test kits 


у= 


LaMotte | + 8 mg/L 
Hach + 6.8 mg/L 
(Low Range, 0-10 mg/L) 


+ 17 mg/L 
(High Range, 0-50 mg/L) 


9. If one measurement is outside this range, discard that measurement and find the average of 
the other two. 
ui they are still in range, report only the two measurements. 


1 ў 
1. If more than two of your measurements are not in range. repeat from 


10. 
Step 3. 
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Frequently Asked Questions 
1. How can I be sure when the color change 
has happened? 
Become familiar with the color change by doing 
the Quality Control Procedure. 
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2. Should I worry if my water site V^ 
has very low alkalinity? 

Some areas will naturally have low 
alkalinity. This might be true in mountain 
streams. The waters have not Contacted rocks or 
soil long enough for the rocks to dissolve. This 
just means that these areas are more Sensitive to 
acid additions. 


Alkalinity Protocol — 
Looking at the Data 


Are the Data Reasonable? 

Alkalinity values range from close to 0.0 ppm to 
more than 500 ppm, although most water bodies 
will have values between 40-300 ppm. 
Discovering unusual values in the data often 
depends on knowledge of typical patterns at a 
site. If a site has been measured with almost no 
alkalinity for many months, then suddenly has 
300 ppm, students should recognize a deviation 
from the normal pattern and investigate further. 
Other sites may naturally have large swings in 
alkalinity in response to precipitation, snowmelt, 
or other inputs into the system. 


What Do the Scientists Look for in the 
Data? 

Scientists are interested in how well a water body 
may be buffered against acid input. Streams with 
naturally low alkalinity are more sensitive. The 
pH may drop dangerously low with a relatively 
small acid input. Scientists would also be 
interested in investigating areas that show large 
Swings in alkalinity. These areas may be receiving 
very large amounts of acid. Even though a stream 
has alkalinity to help buffer the acid input, 
alkalinity will eventually be neutralized by the 
acid, resulting in a lower pH. 


Example of a Student Research Project 
Forming a Hypothesis 


Erden is looking at the alkalinity data from 
5-02 at Crescent Elk School in California. This 
sid body is Elk Creek, a small freshwater creek. 
3 m that although there is a lot of scatter 
3 E ata, the values seem to be highest in the 
n E and lowest in the winter. She knows that 
"s e can sometimes affect alkalinity, so 
E ^ 0 and alkalinity as stacked graphs, 
dU igure HY-AL-1. Precipitation is clearly 
de Tom November through March, and 
st in July and August. 


She 

i ies her hypothesis: In Elk Creek, alkalinity 

б est when rainfall is lowest and alkalinity is 
When rainfall is highest. 


Collecting Data 


The student examines the daily data. Three of the 
alkalinity data points seem very low. On August 
15, 1997 the reported alkalinity was 1 mg/L and 
on September 15 and September 18 1998 it was 
9 mg/L. These values seem very low compared to 
the rest of the values. However, she decides to go 
ahead with her analysis and hope the data are 
correct. 


She wants to eliminate some of the noise (scatter) 
in the plot in order to see the relationship more 
clearly. She plots the monthly average total rainfall 
and average alkalinity for the five full years of the 
record, 1997-2001. See Figure HY-AL-2. She then 
downloads the monthly data (total rainfall, 
number of days rainfall was measured, average 
alkalinity and number of days alkalinity was 
measured) and imports them into a spreadsheet. 


Analyzing Data 

The student notices that not all months had 
rainfall data recorded every day. Instead of looking 
at total rainfall for each month, she decides it will 
be more appropriate to look at the average rainfall 
per day. By doing this, she assumes that any 
missing days will have about the same amount of 
average rainfall as the rest of the days of the month. 
She calculates the average by dividing the total 
amount of rainfall (mm) by the number of days 
the measurement was reported. [For example, the 
total precipitation in April 1997 was 113.4 mm, 
measurements were reported on 30 days, and so 
the average precipitation was 3.78 mm/day]. 


Then she eliminates months for which there is no 
value for either total precipitation or average 
alkalinity. Six of the 60 months have no average 
alkalinity data, 3 months have no total 
precipitation data, and 1 month, Oct-2001, does 
not have either. After she does this, she has 50 
months left of data. 


She sorts her data by precipitation as shown in 
Table HY-AL-1 and then calculates the average 
precipitation and alkalinity for each 10-month 
block. The ten months with the highest average 
rainfall include one November, two Decembers, 
three Januarys, three Februarys and a March, with 
an average rainfall rate of 12.7 mm/day. Alkalinity 
ranges from 55 to 72 ppm, with an average of 66 
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during these months. As rainfall decreases for the 
next three sets of months (from 5.5 to 3.3 to 1.4 
mm/day), the 10-month average alkalinity is in 
the 70s: 74, 79 and 76 mg/L. During the 10 
months with the lowest precipitation (10-month 
average only 0.1 mm/ day), the alkalinity ranges 
from 66 to 99, with an average of 86 mg/L. These 
months include one June, three Julys, four 
Augusts, and two Septembers. So, she is satisfied 
that, on average, the alkalinity is higher during 
months with very little rainfall than it is during 
months with high rainfall. 


Next, she takes the same data and sorts them by 
alkalinity rather than rainfall, and again calculates 
10-month averages, as shown in Table HY-AL-2. 
The sorted 10-month averages show a good trend. 
For average alkalinities of 94, 81,75, 70 and 61 
mg/L, the average rainfall is 1.6,2.7,3.5, 6.5 and 
8.7 mm/day, respectively. Most of the ten highest 
alkalinities occur from June through September, 
although there is one March and one April. 
Monthly average rainfall associated with the 10 
highest transparencies range form 0.0 to 4.4 mm/ 
day. Eight of the 10 lowest alkalinities were 
tecorded from November to March; the other two 
months were in May and in August, both of which 
had low rainfall. Monthly average rainfall ranges 
from 0.0 to 16.9 mm/day (the lowest and highest 
values) despite the high 10-month average. 


The student feels she has enough data to support 
her hypothesis, She prints out her plots and tables 


contribute to tota] Precipitation in this watershed? 
How might the snowmelt during the Spring affect 
the alkalinity even in months with little rainfall? 


This site has fairly low alkalinity all year long (less 
than 100 mg/L as CaCO,). Would a Site with 
higher alkalinity show as much change? How 
about a site with More seasonal Precipitation? 
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Table HY-AL-1: 


1997-2001 Monthly Average Rainfall and Alkalinity, Sorted By Descending Average Rainfall 


“ОТУ бор My ene | ou оки ушу ше 
Rainfall Rainfall (mg/Las Alkalinity Rainfall Rainfall (mg/L as Alkalinity 
(mm/day) CaCO) | (mm/day) CaCO.) 

Dec-01 16.9 12.7 52 66 May-99 23 1.4 62 76 

Jan-98 160 69 Dec-00 22 68 

Feb-98 15,8 67 Apr99 19 69 

Jan-00 152 72 Jun-00 1.8 78 

Feb-99 139 59 Oct-99 15 79 

Feb-00 10.9 61 Jun-98 14 91 

Nov-98 10.7 71 Jun-97 14 84 

Mar-00 102 69 May0l 08 82 

Jan-99 90 70 May-98 04 71 

Dec-98 88 66 Јап-01 0.4 73 

Mar-98 7.7 5.5 59 74 Aug-99 Q4 0.1 99 86 

May-00 64 69 Aug-00 0.3 75 

Nov-97 64 63 Jun-99 0.2 90 

Apr-00 53 80 Sep-99 01 98 

Nov-99 53 77 Jul-00 0.1 75 

Dec-99 49 76 Jul-99 0.0 84 

Oc-00 49 82 Aug-97 00 66 

Dec-97 47 68 Jul-98 00 98 

Feb-01 45 82 Aug-98 00 99 

Mar-01 AA Sep-98 0.0 76 

Mar-99 43 33 55 79 

Apr-01 3.9 90 

Apr-97 3.8 73 

Nov-00 ay 71 

Oct-97 3:5 83 

Oct-98 3:2 74 

Apr-98 Sul 78 

Sep-00 2.8 89 

Sep-01 a4 98 

May-97 23 T 
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1997-2001 Monthly Average Rainfall and Alkalinity, Sorted By Descending Alkalinity 
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geni Rainfall omy Alkalinity Mee Rainfall m Alkalinity 
mp9 04 1.6 99 94 Nov-98 107 6.5 71 70 
Aug 00 99 Nov-00 37 71 
Sep-01 24 98 May-98 0.4 71 
p99 0l 98 Jan-99 90 70 
u98 00 98 Jan-98 160 69 
ш-98 14 91 Mar-00 102 69 
Aprdl 39 90 May-00 64 69 
jun-99 02 90 Apr-99 1.9 69 
Sep-00 28 89 Dec-97 47 68 
Мий] 44 86 Dec-00 22 68 
-97 14 2.7 84 81 Feb-98 15.8 8.7 67 61 
w99 00 84 Dec-98 8.8 66 
0097 35 83 Aug-97 0.0 66 
0000 49 82 Nov-97 6.4 63 
Feb0l 45 82 May-99 23 62 
My0l 0.8 82 Feb-00 10.9 61 
№00 53 80 Feb-99 13.9 59 
b 5 79 Mar98 77 59 
шыг ا‎ 78 Mar-99 43 55 
ка 78 E SE AE 
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May-97 23 77 
Dec-99 49 76 
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To measure the nitrate-nitrogen (NO.-N) of water 


Overview 
Students will use a nitrate kit to measure the 


nitrate-nitrogen in the water at their hydrology 
site. The exact procedure depends on the 
instructions in the nitrate kit used. 


Student Outcomes 
Students will learn to, 

= use a nitrate kit; 

- examine reasons for changes in the nitrate 
of a water body; 

- communicate project results with other 
GLOBE schools; 

- collaborate with other GLOBE schools 
(within your country or other countries); and 

- share observations by submitting data to 
the GLOBE archive. 

Science Concepts 
Earth and Space Science 

Fach element moves among different 
reservoirs (biosphere, lithosphere, 
atmosphere, hydrosphere). 

Earth materials are solid rocks, soils, water 
and the atmosphere. 

Water is a solvent. 

Physical Sciences 
Objects have observable properties. 
Life Sciences 

Organisms can only survive in environments 
Where their needs are met. 

Earth has many different environments that 
Support different combinations of 
Organisms. 

Organisms change the environment in which 
they live. 

Humans can change natural environments. 

ll organisms must be able to obtain and use 
Tesources while living in a constantly 
Changing environment. 

Scientific Inquiry Abilities 

hs E chemical test kit to measure nitrates. 

B oven questions. -— 

* conduct scientific investigations. 

% appropriate mathematics to analyze data. 


Develop descriptions and explanations using 
evidence. 
Recognize and analyze alternative explanations. 
Communicate procedures and explanations. 
Time 
20 minutes for nitrate test 
Quality Control Procedure: 20 minutes 


Level 
Middle and Advanced 


Frequency 
Weekly 
Quality control every 6 months 


Materials and Tools 
Nitrate Test Kit (if you have salt or brackish 
water, be sure to use an appropriate test kit) 
Nitrate Protocol Field Guide 
Hydrology Quality Control Sheet 
Hydrology Investigation Data Sheet 
Clock or watch 
Latex gloves 
Goggles 
Surgical mask (if using powdered reagents) 
Distilled water 
For Quality Control Procedure, the above 
plus: 
- Quality Control Procedure Field Guide 
- Quality Control Procedure Data Sheet 
- Making the 2 ppm Nitrate Standard Lab 
Guide 
- Standard nitrate solution (1000 mg/L 
nitrate-nitrogen) 
- Equipment depends on how the 
standard is made (see Making the 2 ppm 
Nitrate Standard Lab Guide) 
Preparation 
Suggested activity: Practicing Your Protocols, 
Nitrate Protocol (e-guide only) 
Prerequisites 
Discussion of the differences among nitrate, 
nitrate-nitrogen, and nitrite 
Discussion of safety procedures when using 
chemical test kits. 


GLOBE» 2003 


Nitrate Protocol - 1 


Hydrology 


попопродщ IWIM 


51020}0/а 


5 
E 
3 

go 
> 
д 
® 
=. 
т 
n 


xıpuaddy 


I, 
en 


Nitrate Protocol ~ 
Introduction 


Nitrogen can have many chemical forms in water 
bodies Nitrogen can be found as dissolved 
molecular nitrogen (Nj), as organic compounds 
(both dissolved and particulate), and as numerous 
inorganic forms such as ammonium (NH, nitrite 
(NO,) and nitrate (NO,). Nitrate (NO) is usually 
the most important inorganic form of nitrogen 
because it is an essential nutrient for the growth and 
reproduction of many algae and other aquatic plants. 
Nitrite (NO,) is usually found only in waters with 
low dissolved oxygen levels, called suboxic waters. 


Scientists often call nitrogen a "limiting nutrient" 
because in low amounts, plants use up all the 
available nitrogen in the water and cannot grow 
or reproduce anymore. So, it "limits" the amount 
of plants in the water. Many plants that use 
nitrogen are microscopic algae, or phytoplankton. 
Additional amounts of nitrogen added to the water 
may allow the plants to grow and reproduce more. 


Cover and soils. As well, the decay of plant or 
animal matter in soil or sediments creates hitrates, 
Human activities can greatly affect the amounts 
of nitrate in water bodies, 


When an excess amount ofa limiting nutrient such 
as nitrogen is added to a lake or stream the water 
becomes highly productive. This may cause 
tremendous growth of. algae and other plants. This 


Although plants and algae add valuable Oxygen 
to the water, Overgrowth can potentially lead to 
reduced light levels in the water body. As plants 
and algae die and decay, bacteria multiply and use 
the dissolved oxygen in the water. The amount of 
available dissolved oxygen in the water may become 
very low and harm fish and other aquatic animals. 


Teacher Support 


Understanding the Chemistry Of the 
Nitrate Kits 

Nitrate (NO, ) is very difficult to measure directly, 
whereas nitrite (NO, ) is easier to Measure. So, in 
order to measure nitrate (NO,) nitrate kits Convert 
the nitrate (NO,) in the water sample to nitrite 
(NOD. As explained in the instructions for the 
nitrate kits, you will add a chemical (such as 
cadmium) to the water sample, and this will 
change the nitrate (NO,) in the water to nitrite 
(NO,). A second chemical is then added to the 
water sample and reacts with the nitrite (NO,) to 
cause a color change. The resulting color change 
ofthe water sample is proportional to the amount 
of nitrite in the sample. 


The measurement in the nitrate kits gives the 
combined concentration of nitrite (if present) and 
nitrate (remember the nitrate, NO, has been 
converted to nitrite, NO,). In the 1997 Teachers 
Guide, we asked you to measure both the nitrite 
(NO,) and the combined nitrate and nitrite forms 
(the procedure described above). We are now only 
asking you to report the combined nitrate and 
nitrite forms. If the water at your site has very 
low dissolved oxygen levels, we encourage you 
to measure the nitrite (NO,) amount. To measure 
nitrite (NO, ), you do not add the first chemical 
(such as cadmium). Instead, you only add the 
Second chemical that reacts with the nitrite (NO,) 
to cause a color change. The instructions in the 
nitrate kit should explain what to do. See Figure 
HY-NI-1, 


The chemical reaction that causes nitrate (NO,) 
to change to nitrite (NO, is called an oxidation - 
reduction reaction, These types of reactions are 
Véry common and involve the exchange of 
electrons from one molecule to another molecule. 
Often, the kits will Say that they use a cadmium 
reduction method. This means that the cadmium 
has removed electrons from nitrate (NO; to form 
nitrite (NO, 


The hydrology investigation team has tested ur 
that use either cadmium or zinc as a reduction 
element. Cadmium-based kits provide a finer 
Tesolution of 0.1 or 0.2 ppm. In other words, the 
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Water Sample 


m Nitrate (NO5-N) 
E Nitrite (NO2-N) 


Nitrates 
Measuring (Nitrate + Nitrite) 


Step 1. The 1st reagent converts nitrate to nitrite, 


Step 2. The 2nd reagent reacts with nitrite and creates color. 
By measuring the color intensity the amount of 
(nitrate + nitrite) is determined. 
(NO3—N + NO2-N) 


OOo] +2nd Reagent =j 
ооо 
nog 


The color intensity is proportional 
to the amount of nitrite in the sample. 


Note: If you want to measure the amounts of nitrite-nitrogen (NOz-N) only, then do Step 2. Skip Step 1. 


(Nitrate + Nitrite) 
(NOs-N + NOz-N) 


yalue you measure will have an accuracy of 0.2 
ppm. The zinc-based kits that have been tested 
generally have a coarser resolution of 0.25 ppm. 
Cadmium, however, is a carcinogen and may not 
be allowed or recommended by your school. The 
kits are designed to minimize exposure to 
cadmium or zinc. Please check your school policy 
before ordering these kits. We are watching for 
kits to be developed using different chemistry. 


For GLOBE, concentrations of nitrate are 
com as the amount of elemental nitrogen in 
€ lorm of nitrate. Concentrations are expressed 


eee trogen (NO,-N) in milligrams per 


Ev per liter (mg/L) is the same as parts 
o ME (ppm). For example, a concentration 
3o: E reported as 14 g of nitrogen per mole of 
E E à Not as grams of NO; (which would be 

i NA (NO,). It might be useful to review 
E Chart of chemical elements. The 
c 15 ae is 14 gand that of NO, is 62 g 
ae The nitrate kits are designed to 
nitrate vat Tate-nitrogen and we ask you to report 
al ues in the form of nitrate-nitrogen as 


For your own exercise, you can convert mg/L 
nitrate-nitrogen to mg/L nitrate. Simply multiply 
your measured value by 4.4. This value is the ratio 
of nitrate/nitrogen molecular weights (62g/14g). 
For example, say you measured 10 mg/L NO,N. 
Multiplying 10 by 4.4 gives you 44 mg/L NO,. 


Measurement Procedure 

e Most natural waters have nitrate levels 
under 1.0 mg/L nitrate-nitrogen, but 
concentrations over 10 mg/L nitrate- 
nitrogen are found in some areas. If your 
kit has a low range (0-1 ppm) and a high 
range (1-10 ppm), most likely you will 
only use the low range test. If you are not 
sure what the nitrate levels are, first use 
the low range. Students should note the 
range of their test in their metadata. Values 
above 10 ppm NO,-N may be rejected 
unless a school indicates that their results 
are valid above this level. 

* If your kit measures nitrate-nitrogen 
(NO,-N), you do NOT multiply the value 
you measure by 4.4. Report the value 
directly from the kit. 

e f the nitrate kit requires you to shake the 
sample, it is important to shake for the 


Nitrate Protocol - 3 


Hydrology 


uononpodul 9IUODISM 


510203024 


" 
lo 


m 
© 
- 
E 
5 
ya 
p 
2 
[zr 
tb 
[^] 


xipueddy 


a 
a 


SL 


exact time stated in the instructions. Use a 
watch or clock to measure the time. Have 
one student shake while another watches 
the time. 

Do not report any value if the water was 
not tested for nitrate. A value of 0.0 ppm 
indicates that the water was tested and no 
nitrate was detected. 

If there are low values of dissolved oxygen 
(e.g., less than 3.0 mg/L) and you have 
detected amounts of hitrate-nitrogen 
(NO,-N), you may want to measure the 
amounts of nitrite-nitrogen (NO,-N). 

If your site has brackish or salt water, you 
need to make sure that you have a kit that 
can be used in brackish or salt water. If 
you already have a kit, look at the 
instructions in the nitrate kit. Some kits 
cannot be used in brackish and salt water. 


Quality Control Procedure 


To perform the quality control Procedure, you 
need to buy a standard nitrate-nitrogen. You сап 
use either a liquid standard solution ora dry stock 
standard solution. The liquid standard you buy 
has a high concentration of NO,-N (1000 ppm ). 
The lab guide explains how to dilute the standard 
to 2 ppm. Students can then measure the 
Concentration of the NO,-N in the standard and 
compare their result to the expected standard 
value of 2 ppm. 


Alter your students have completed the quality 
control procedure using the 2 ppm standard, 
unused 2 ppm and 100 
ppm standards. The standard nitrate solution 
should be made fresh each time quality control 
Procedures are done. 


Lastly, the Making the 1000 Ppm Stock Standard 
Nitrate-Nitrogen Solution Lab Guide shows you how 
to make the Concentrated 1000 Ppm standard 
from potassium nitrate (KNO,). This method is 
recommended only if you have a chemistry lab. 


Supporting Protocols 

Hydrology: Students may explore relationship; 
among transparency, temperature and dissolved 
oxygen and the amount of nitrates in the water, 


Land Cover/Biology: Examining the types of land 
cover in the watershed may help to explain 
Patterns you find in your water body, 


Atmosphere: The amount of Precipitation will affect 
the amount of runoff and the nutrients that are 
carried in the runoff. 


Safety Procedures 


1. Students should wear gloves when 
handling chemicals and the water sample. 

2. Students should wear goggles when 
working with chemicals. They should also 
Wear surgical masks when opening 
powdered reagents, 

3. School authorities should be consulted on 
the proper disposal of used chemicals. 


Instrument Maintenance 

* All chemicals should be kept tightly 
capped and away from direct heat. Replace 
chemicals after one year. 
Glassware in the kit should be rinsed with 
distilled water before storing. 
Perform the quality control procedure 
With the kit every 6 months to insure that 
chemicals are still good. 


Questions for Further In vestigation 


Why do you think there may be a seasonal pattern 
in nitrate data? 


Is there a relationship between the amount of 
nitrate at your site and the type of land cover in 
your watershed? 


Does temperature affect the amount of nitrate in 
Water? 


Is there are relationship between the types of gi 
in the watershed and the amount of nitrate in the 
water body? 
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2 pom Nitrate Standart 


Task 

Make the nitrate-nitrogen standard for the quality control procedure using 5 mL stock nitrate-nitrogen 
solution. 

What You Need 

[J Standard nitrate-nitrogen solution (1000 ppm) © Goggles 

О 100-mL beaker (or larger) Ч Pipette 

Ц 100-mL graduated cylinder ÛJ stirring rod (optional) 


ÛJ 500-mL beaker or flask 


О Distilled water 


Ц 500-mL graduated cylinder J 250-mL bottle or jar with lid 


( Latex gloves 


Inthe Lab 


BN 


Using a pipette (if possi 


2 


Pour into a 100 mL bea 
standard. 


vn їл 


. Measure out 10 mL of t 
Pour into 500 mL flask 
graduate cylinder. Add 


гч 


nitrogen standard. 


. Put on gloves and goggles 


Rinse a 100 mL cylinder and 100 mL beaker with distilled water. Dry. 


ble), measure 5 mL of the 1000 stock nitrate solution into the 100-mL 


graduate cylinder. Dilute with distilled water to 50 mL. 


cer and mix (swirl or use clean stirring rod). Label this 100-ppm nitrate 


- Rinse 100-mL graduated cylinder with distilled water. 


he 100 ppm nitrate standard using the 100-mL graduated cylinder. 
or beaker. Measure out 490 mL of distilled water in the 500 mL 


o the 500 mL flask or beaker. 


Carefully swirl the solution to mix. Pour into a bottle with a lid and label as 2.0 ppm nitrate- 
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Making the 2 ppm Nitrate Standard 


Option 2 
Lab Guide 


Task 
Make the nitrate-nitrogen standard for the quality control procedure using 1 mL stock nitrate- 
solution. 


What You Need 
ÛJ Standard nitrate-nitrogen solution (1000 ppm) ÛJ Pipette 
Ч 100-mL beaker (or larger) Û Distilled water 
О 500-mr. beaker or flask Û Balance 
О Latex gloves Ч 250-mL bottle or jar with lid 
Q Goggles 
In the Lab 
1. Put on the gloves and goggles 


. Rinse a 100 mL beaker and a 500 mL cylinder with distilled water. Dry. 


2 
3. Measure the mass of the 100 mL beaker with a balance, Leave the beaker on the balance. 
4 


Using a pipette, add 1.0 g of 1000 Ppm nitrate-nitrogen solution to the beaker on the 


л 


Take beaker off balance and fill to the 100 mL line with distilled water. Stir the solutio 
this solution 10 ppm nitrate standard. 


a 9 


Measure 40 g of the 10 ppm nitrate standard into the 500-mL graduated cylinder. Use 
pipette to add the last few Brams of standard so you do not exceed 40 g. 


8. Add distilled water until there is 200 g (10 ppm nitrate standard + distilled water) in t 


nitrogen 


balance. 


n. Label 


Measure the mass of the 500-mL graduated Cylinder. Leave the Cylinder on the balance. 


a clean 


he 


graduated cylinder, Use à clean pipette to add the last few Brams of water so you do not 


exceed 200 g. 
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Making the 1000 ppm Nitrate Standard 


Lab Guide 


Task 


Make the 1000 ppm stock nitrate-nitrogen standard for the quality control procedure using KNO, 


(potassium nitrate). 


What You Need 

Potassium nitrate (KNO,) 
(J Distilled water 

Ц Drying oven 

Ш 500-mL graduated cylinder 


In the Lab 


Nu سم‎ 


. Measure 3.6 g of KNO 


> w 


water, 


eu ou Ww 


J 500-mL bottle or jar with lid 
О Balance 


(J Chloroform (optional) 


Dry KNO, (potassium nitrate) in an oven for 24 hours at 105 degrees C. 


. Dissolve 3.6 g of KNO, in 100 mL of distilled water. 


Pour solution into a 500 mL graduated cylinder. Fill cylinder to the 500 mL line with distilled 


. Carefully swirl to mix. (Do not shake). 
. Pour into a jar and label as 1000 mg/L nitrate-nitrogen solution. Put the date on the label. 


The stock nitrate solution can be preserved for up to six months using chloroform (СНСІ,). To 


preserve a stock nitrate standard add 1 mL of chloroform to 500 mL of stock nitrate solution. 


Note: To calculate nitrate-nitrogen (NO,-N), take into account the molecular composition of KNO, (the 
Tatio of the molecular weight of N to NO, is 0.138): 7200 mg/L KNO, x 0.138 = 1000 mg/L nitrate 


nitrogen solution. 
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Nitrate Quality Control Procedure 


Task 


Check the accuracy of the nitrate test kit. 


What You Need 

ÛJ Nitrate Test Kit п Goggles 

QO Hydrology Quality Control Data Sheet О Distilled water 

O2 ppm Nitrate standard m) Surgical mask (if using powdered reagents) 
О Latex gloves О Chemical waste bottle 


Ч Clock or watch 


In the Lab 


1. Fill out the top portion of the Hydrology Quality Control Data Sheet. In the Nitrate section fill in 


the name of the kit manufacturer and model. 


2. Put on gloves and goggles, 


3. Follow the directions in the nitrate test kit to measure the nitrate-nitrogen in the 2 ppm 
standard. If your test kit has directions for both a Low Range (0-1) and High Range (0-10) test, 
use the High Range directions for the calibration. Use the standard where it says ‘sample 


If you are not sure about the best matching color ask other students for their opinions. 


5. Repeat steps 3 and 4 with fresh water samples. You will have a total of three nitrate-nitrogen 


measurements. 


5. Calculate the average of the three measurements, 


6. i your measurement is not +or—1 ppm (high range) of the standard, repeat the measurement. 
your measurement is still not within range, talk with your teacher about possible problems. 


7. Put used chemicals in a waste container. Rinse glassware with distilled water. Cap all chemicals 


tightly, 
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Nitrate Protocol 


Field Guide 


Task 

Measure the nitrate in your water sample. 

What You Need 

O Hydrology Investigation Data Sheet О Goggles 

[J Nitrate test kit А Distilled water 

[J Latex gloves ÛJ Surgical mask (if using powdered reagents) 
ÛJ Clock or watch ÛJ Chemical waste bottle 

In the Field 


l. 


2 


3. 


> 


о u 
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Fill out the top portion of your Hydrology Investigation Field Sheet. In the Nitrate section fill in 
the kit manufacturer and model. 


. Put on gloves and goggles. 


Follow the instructions in your kit to measure the nitrate nitrogen. You should use the Low 
Range Test (0 — 1 mg/L) unless previous results indicate that your site typically has greater 
than 1 mg/L nitrate nitrogen. If using powdered reagents, use the surgical mask when opening 
these products. Use clock or watch to measure the time if your kit requires you to shake your 
sample. 


. Match the color of the treated sample water with a color in the test kit. Record the value as 


ppm nitrate-nitrogen for the matching color. Have two other students match a color with the 
treated sample water for a total of three observations. Record all three nitrate-nitrogen values 
on the data sheet. 


‚ Calculate the average of the three measurements. 


Check to see if each of the three measurements is within 0.1 ppm of the average (or within 
1.0 ppm of the average if using the high range test). If they are, record the average on the data 
sheet. If they are not, read the color measurements again (Note: do not read again if it has 
been more than 5 minutes). Calculate a new average. If the measurements are still not within 
Tange discuss possible problems with your teacher. 
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3. Is it okay for nitrate values to | 
fluctuate a lot in a short period of | 
time? 
Yes, after precipitation events run-off from 
surrounding land cover and soils Containing 
nitrates can go into a Stream, lake, or estuary and 
cause the nitrate levels to rise. After the Storm or 
snow melt, the levels may decline, 


Frequently Asked Questions 

1. Is it okay for my water to have a nitrate 
measurement of 0? 

Yes, a 0 ppm value indicates that the amount of 
nitrate (if any) in the water is below the detection 
limit (usually 0.1 ppm N-NO)) of the nitrate kit 
you are using. Many water bodies may have 0 ppm 
N-NO, most of the year. 


5. Is it OK to use a zinc-based nitrate kit? 
Yes. While the cadmium-based kits give more 
accurate values in the low nitrate waters, we Tealize 
that school regulations do not allow some GLOBE 
schools to use the cadmium-based kits, If this is 
the situation at your school, use the zinc-based 
kits. Please designate on the site definition page 
the type of kit you are using, 


2. What happens if my water turns a different 
color, instead of pink, during the testing 
process? 

You probably cannot use the kit you are currently 
using. Please contact the hydrology team at the 
University of Arizona to see if they want a sample 
of your water. 
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Nitrate Protocol — 
Looking at the Data 


Arethe data reasonable? 

Nitrate values generally range from 0.0 to 10.0 
ppm. A value of 0.0 ppm is possible and should 
be reported. Repeated values of 0.0 ppm (as seen 
in Figure HY-NI-2) are not unusual. It is possible 
to have values above 10.0 ppm. However, the web 
site may reject these values as part of the quality 
control features. Please recheck values above 10.0 
ppm to make sure that you are certain they are 
correct. If correct, contact the hydrology team. 


Figure HY-NI-2 


® Secondary School Francisco Franco-Funchal(Maderia), M 
® 


What do scientists look for in the data? 


The levels of nitrate can affect the ecology of the 
water body as well as affect how humans use the 
water. Scientists monitor nitrate in drinking water 
for public safety. Different countries have different 
standards of nitrate allowable in the drinking 
water. Scientists and resource managers also 
monitor water sites for high nitrate levels that 
might lead to eutrophication of the water body: 
High levels of nitrate may eventually lead to low 
levels of oxygen, which may then lead to harm to 
aquatic animals such as fish kills. Phosphate can 
be a common cause of eutrophication in water 
bodies, particularly in freshwater lakes and ponds 


Sites often have seasonal fluctuations (see Figure 
HY-NI-3). Scientists commonly look at 
atmosphere, land cover, soil data, and human 
activities to find relationships with seasonal nitrate 
amounts. 
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Examples of Student Research 
Investigation 


Investigation #1 
Forming a Hypothesis 


Students are examining the nitrate data collected 
at the Warta River by the Complex of Schools E 
K. Norwida in Czestochowa, Poland overa period 
of three years (Figure HY-NI-4, top graph). Some 
of the students think they see an annual cycle, 
with higher values in the middle of the year, and 
lower values in winter. Not all the students are 
convinced because there is a lot of scatter in the 
data. However, they all agree to hypothesize that 
nitrate levels in Warta River have an annual cycle. 


Collecting and Analyzing Data 


The students begin by plotting the monthly 

a averaged nitrate-nitrogen on the GLOBE server 
2 (Figure 3, lower graph). This makes an annual 
Pattern seem more apparent. They create a table 

of the data shown in the graph on the web site 

and download the monthly average nitrate. 
nitrogen data, They import the data in a 
spreadsheet and create a table of the data with 

в опе row for each month and one column for each 
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year (shown in Table HY-NI-1). After this they 
calculate the monthly average for all years shown 
in the last column to the right. 


The students use the spreadsheet program to plot 
the monthly data using a different symbol for each 
year and a line to show the average data (Figure 
HY-NI-5). It is now much easier to see the annual 
cycle. Average nitrate-nitrogen is lowest (~2 ppm) 
from January to March and highest (~7 ppm) from 
May to August. Intermediate values (~4 ppm) are 
measured between September and December. For 
most of the months, the nitrate for any given year 
is within +2 ppm NO, N of the average, except 
for June and November. 


Communicating Results 


- ent their 
The students write a report and present t 
results to their class. 


Future Research 

This site has an annual cycle for порае 
but the students are not sure why. They - ү 
get precipitation data for the area and see W 5 
the rainiest months are. Will they coincide wi 
months with the highest nitrate levels? 
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Investigation #2 


Forming a Hypothesis 

A student research team has been looking at 
nitrate-nitrogen levels in the Warta River, in 
Czestochowa, Poland, using data collected by the 
Complex of Schools C. K. Norwida. They have 
already determined that the observed mean 
monthly nitrate-nitrogen has an annual cycle with 
highest average values occurring from May to 
August, and lowest from January to March. 


They believe that nitrate-nitrogen levels may be 
related to the amount of runoff after precipitation 
events. 


They hypothesis that: average nitrate is highest 
during months with the heaviest rainfall. 


Collecting and Analyzing Data 

Their first task is to find precipitation data for 
this region. The school that collected nitrate- 
nitrogen data has an excellent multi-year surface 
water data set, but students did not collect 
atmosphere data. The students first check for 
nearby schools on the GLOBE server. There are 
no other schools in Czestochowa, but there are 
several GLOBE schools in nearby cities with 
precipitation data such as XI Liceum St. 
Konarskiego in Wroclaw, Silesian Technical 
Scientific Schools in Katowice, and Gimnazjum 
No 9 in Rzeszow. They plot the total monthly 
precipitation data for the three schools. See Figure 
HY-NI-5. They do not see any patterns common 
to all three sites. Although the data from Rzeszow 
show the trend they were expecting (high 
Precipitation during the summer), not all the 
E have data. The data from Wroclaw show 
Fa uy high precipitation occurred during 
т. a кш of 2000 and 2001 while the 
т trovice show no apparent trend and 

missing the summer months. 


Next К 

ское students decide to search for data for 

ee chowa on the Internet. They find a site that 
Ns weather averages for many cities and get 


the ave 
Tage monthl recipitation for 
Czestochowa. аы 


Th 
‚а are not for the same period as the 
"nitrogen data (1997-2001) but instead are 


the average monthly precipitation values over a 
longer unknown period of time. They enter the 
values in the table with the nitrate-nitrogen data. 


Nitrate Precipitation 


(ppm) (mm) 
Jan 2.2 33.0 
Feb 17 30.5 


Маг 2.6 30.5 


Oct 3:9 40.6 
Nov 3.7 40.6 


Dec 43 38.1 


The four months from May to August have the 
highest average nitrate-nitrogen and the highest 
precipitation. The three months with the lowest 
nitrate-nitrogen levels (January-March) have the 
lower average precipitation. They conclude that 
their hypothesis is correct - average nitrate- 
nitrogen is highest during months with the most 
rainfall. 


Discussion and Future Research 

The students make one final plot, showing long- 
term average precipitation and 3-year average 
nitrate-nitrogen versus time on the same plot. See 
Figure HY-NI-6. One student wonders why the 
nitrate levels start to go up in April before the 
precipitation increases. 

They come up with several possible ideas, and 
discuss what other information they would need 
to get to test them. 

Perhaps snowmelt is occurring in April and is 


responsible for washing the nitrates into the water. 
(They would need to research the snow pack 


E у Lo ES —— — ros 
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upstream of their site and look at a temperature 
record to determine when it may have started 
melting.) i 


Perhaps there was more rain in April 1998-2000 
than in some of the other April used in calculating 
the average precipitation. (They would need to 
find data just for 1998-2000 to check this). 


Perhaps agriculturalists start fertilizing heavily in 
April. (They would need to determine when 


fertilizing starts upstream and what is in the 
fertilizers.) ; 


Communicating Results 


The students write a Teport and present their 
results to their class. As well, they submit their 
Teport to the GLOBE Web site under Student 
Investigations, 
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Table HY-NI-1 
Average Monthly Nitrate at Warta River (ppm) 
Month 1998 1999 2000 2001 Average 
Jan 0.1 32 33 22 
Feb 0 33 18 17 
Mar 1.5 24 3.9 2.6 
Apr 6 58 5 5.6 
EB |o 84 65 71 
Jun 10 47 5.6 6.8 
Ju 68 73 71 
Aug 6.5 6.6 6.6 
E 4.3 3.5 39 
Оа 4 33 45 39 
Ber 14 35 63 E 
Dec 39 33 58 4.3 
GLOBES 2003 Hydrology 
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Water Walk* 
Students become acquainted with their Hydrology Study Site. 


Model a Catchment Basin 

Students will make a 3-dimensional model of a catchment basin to 
understand how water moves through the basin and explore how 
water is affected when there are changes in the basin. 


Practicing Your Protocols* 

In the classroom, students practice using the instruments or kits for 
protocols, exploring the range of measurements and sources of 
variation and error. 


Water Detectives* 
Students will investigate how they use their senses for observation 
and why we use instruments to collect data. 


pH Game 


Students will create mixtures of water samples, soil samples, plants 
and other natural materials to better understand the importance 


of pH levels. 


Modeling Your Water Balance 


Students will model the changes in soil water storage over a year. 


* See the full e-guide version of the Teacher's Guide available on th 


Learning Activities - 1 


е GLOBE Web site and CD-ROM. 
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Purpose 
To introduce what a catchment basin is and 
how it works 


| Overview 

| Students will construct a 3-dimensional model 
of a catchment basin. They will use the model 
to explore catchment basins, water pathways, 
and manipulate the model to illustrate how 
catchment basins can change. 


Student Outcomes 


Students will be able to, 

- define the concept of a catchment basin 

and a watershed; 

- give examples of how their model 
relates to the real world; and 
give examples of basic concepts of 
catchment basins and watersheds, such 
as, water runs downhill, hills make 
divides, low-lying areas create pooling, 
water quality is affected by what is 
upstream. 


Science Concepts 


Earth and Space Science 

Soils have properties of color, texture and 
composition; they support the growth 
of many kinds of plants. 

Landforms are the result of destructive and 
constructive forces. 

Soils consist of weathered rocks and 
decomposed organic matter. 

Water circulates through the biosphere, 
lithosphere, atmosphere and 
hydrosphere (water cycle). 

Water is a solvent. 

Each element moves among different 
reservoirs (biosphere, lithosphere, 
atmosphere, hydrosphere). 


Scientific Inquiry Abilities 
Develop descriptions and explanations 
using evidence. 
Communicate procedures and 
explanations. 


Time 
Class period 


Level 
All 


Materials and Tools 

Miscellaneous objects that may be used to 
create the model infrastructure 

Outdoor models may use: sand, wood, 
rocks, etc. 

Indoor models may use classroom items 
such as buckets, bowls, rolls of paper 
towels, etc. 

Plastic sheet (2 x 2 meters) 

Spray bottle with water 

Sponges 

Red food coloring 

Permanent marker that will write on 
plastic or black electrical tape 

Ruler 

Topographic map 

Preparation 


None 


Prerequisites 


None 
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Teacher Support 
Introduction 


An understanding of the catchment basin (also 
called a river basin or water basin) is vital to 
analyzing data from the Hydrology Site. Water 
chemistry is a synthesis of everything that has 
happened to the water before it reaches the point 
at which a measurement is taken. This will include 
everything the water collects due to physical and 
chemical interactions with tocks, minerals, soil, 
and vegetation. It also is affected by contributions 
from aquatic life, Many natural and human 
activities that occur on that land can affect the 
water chemistry. There are so many things that 
might affect your water. But before you can explore 
them, you must find Where your water comes 
from. That area is called your catchment basin. 
The boundary between adjacent catchment basin 
is called a watershed. 


Through manipulation of their basin model, 
students will gain an understanding of the 


This is an excellent outdoor activity, although it 
can also be done easily in the Classroom. Outdoors 


clay before being covered with plastic wrap 


How to Do Make the Model 


1. Find an area about 1 meter square to build 
a catchment basin model. This could be a 
tabletop or plywood sheet if you are 
working inside or a БТа55у or sandy area 
outside. 

2. You and your students gather the various 
objects to make the model, such as а 
plastic sheet, rocks, buckets, Sponges, spray 
bottles with water, and food coloring, 

3. Have the students arrange objects of 
various sizes inside the area. The tallest 
objects will become ‘mountains’. Shorter 
objects or buckets or bowls may become 
hills, lakes, or plains. 

4. Cover the entire area and all of the objects 
with a sheet of plastic. Have the students 
use their hands to mold the plastic loosely 
around the covered objects. This is a 
model of a landscape with hills, valleys, 
and connections between them. 

‚ Have the students predict what will 
happen if it ‘rains’ on their model. Where 
will the water go? Will it go faster in some 
places? Will some places form pools? How 
do you know? 

6. Use the spray bottle to ‘rain’ on the top of 
your highest ‘mountain’, Continue raining 
until you can see where streams, rivers, 
and lakes form. 

7. Have the students choose a small pool on 
their model to be their GLOBE Hydrology 
Site. Mark the site with a marker, stone, of 
other object. 1 

. Ask the students to make it rain by using 
the spray bottle. Ask the students 
questions. Where does the water Come 
from that flows to your Hydrology Site? 
Where does water flow away from your 
Site? What things on the landscape Um 
determine what will be part of your basin’ 
What determines the watershed? Explain 
to the students that the places where water 
hits and flows into their Hydrology site 
are in the catchment basin for their site, 
the watershed is the basin boundary. 
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9. Ask students: Where would be a good 
place on their model to have their school? 
Where would you like your house to be? 
Have the students mark these places on 
the model. 

10. Have students explore the consequences 
of changes in their catchment basin. Here 
are some things you can do: 

a. What happens if you dam the stream 
that flows to your water site? (Use a 
sponge to create a dam). 

b. What happens if you plant a forest 
above your site? (Use a large flat sponge 
for the forest - it will soak up water for 
a time just like soil and vegetation) 
What happens if you remove the forest? 

c. What happens if someone builds an 
industry that causes pollution? (Use a 
small piece of sponge soaked in food 
color where your industry will be and 
watch the ‘pollution plume’ as it rains.) 

d. What happens if someone decides to 
use water from your stream for 
irrigation or urban use? (Make 'canals' 
that take the water away from your 
Stream to other places.) 


Extensions of Basic Learning Activity 
Exploring Topographic Maps 
This activity will help students better understand 


topographic maps. You will need a marker, tape, 
ruler, and topographic map. 


Have students, 


1. use a permanent marker or small pieces of 
tape to mark points on the model that are 
10 cm above the surface of the table or 
ground; 
use a marker to connect all of these points 
to make a ring around the model that is 10 
cm above the surface; 
“Measure points above the surface at 20 
cm. Use a marker to connect them in a 
Ting around the model; 
: oT Measuring points at 30, 40, 50, 
‘he and connecting them until they reach 
| e highest peak; 
es at these rings from above. Ask 
udents what they notice. Are they 
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concentric (the higher ones inside the 
lower ones)? Are they all the same distance 
apart? 

6. draw the rings on a flat piece of paper as if 
they were seeing them from above; and 

T. examine a topographic map. Ask students 
if their rings look like topographic lines? 


Defining a Watershed from a Topographic 

Map 

Have students, 

1. identify their Hydrology Site on a 
topographic map. Find the elevation of 
their site from the map; 

. use the topographic lines and benchmarks 
on the map to identify areas that are uphill 
from their site; and 

. look for ‘ridges’ or ‘divides’. These are at 
mountain tops or places where the 
elevations start to decrease. Ask students 
to think about whether water falling on 
that place would flow toward or away 
from their Hydrology Site. 


Student Assessment 

After students have completed their model, pose 
questions about what would happen at the 
Hydrology Site if you made a change on the 
landscape. 


1. What would happen if you poured a pile of 
salt on the ‘mountain’ above their site? 


N 


w 


What would happen if you poured the pile on 
the other side of the mountain? 


Ask students to use a marker to outline the 
watershed for their Hydrology Site. 


Have students explain 3 things that might happen 
in their own basin that would affect their water 
temperature, transparency, Or other GLOBE 
measurements. 


Draw a simple set of concentric contour lines. Ask 
students to create a small clay model based on 
the drawing. Ask students to label the highest 
point on the topographic drawing. Ask them to 


find the steepest slope. 
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The pH Game 


Purpose 
To teach students about the acidity levels of 
liquids and other substances around their school 
so they understand what pH levels tell us about 
| the environment 


Overview 


The pH game will engage students in the 
measurement of the pH of water samples, soil 
samples, plants and other natural materials from 
different places. Students will create mixtures 
of materials in order to collect different pH 
measurements. 


Student Outcomes 


Students will identify the pH of common 
substances, learn how high or low pH levels may 
tesult in dangerous conditions in the 
environment, and examine how pH may be 
changed. 


Earth and Space Science 

Water is a solvent. 

Each element moves among different 
reservoirs (biosphere, lithosphere, 
atmosphere, hydrosphere). 

| Physical Science 
Objects have observable properties. 


Scientific Inquiry Abilities 

Develop explanations using observations. 

Recognize and analyze alternative 
explanations. 

Communicate procedures and 
explanations. 

Use instruments to gather data 
accurately. 


Time 
One class period for preparation 


One class period for the game 


Level 
All 


Materials and Tools 

For each team: (about 4 students) 
20 pH strips 
3 to 5 small cups 
Paper and pencil 
Labels to attach results to results 
board 

For the class: 
Results board (one line of pH levels 
from 2 to 9 for each team) 
Flip chart with rules 
Additional pH strips 
Cups of solutions prepared for 
analysis 


Preparation 


Gather materials for pH solutions. 


Prerequisites 


Discussion of lab safety procedures 
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Teacher Support 


Introduction 

The level of acidity (pH) significantly influences 
the vegetation and wildlife in an environment. The 
pH can be influenced by different factors. The 
main natural influences are the contributions from 
rocks and soils. Human activities can also 
contribute, by releasing basic or acidic substances 
into the air, water or ground. One particularly 
important contribution from human activities is 
acid rain (which forms when acidic compounds 
released into air combine with water in the 
atmosphere). Acid rain can lower the pH in water 
bodies to levels that are dangerous to certain 
Species. 


It is important to understand pH. This activity 
will help your students understand the pH scale. 
More advanced students will mix acid and basic 
solutions to produce solutions of intermediate pH, 
and will also learn about the relationship between 
alkalinity and pH. 


Table HY-pH-1 
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Advance Preparation 


You or your students should prepare Various 
acidic and basic mixtures/solutions of natural 
and processed materials. These solutions 
should be labeled with the ingredients and a 
letter, but not their acidic or basic characteristic, 
Examples of acidic solutions include fermented 
grass, dilute and concentrated lemon juice, 
black coffee, vinegar, orange juice, and soft 
drinks. Basic solutions include salt water, 
shampoo, baking soda, chlorine bleach, 
household ammonia, and oven cleaner. Local 
water and soil solutions should be used as well. 
Soil water solutions are produced by mixing 
equal amounts of distilled water with soil, and 
then allow the soil particles to settle out. You 
can also produce solutions from materials 
found around the local school area, such as oil 
drippings from a vehicle, liquid in a discarded 
bottle, etc. 


PH Value 


8 | 9 | TOTAL 
| | 
| | 
9 | Tom 
i| 3 
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What to Do and How to Do It 

Remind students of the difference between 
hypothesis and results. Encourage them to 
develop their hypothesis and find a way to test it 
with results. The Implementation Guide for 
Teachers in the GLOBE Teachers Guide contains 
materials on guiding students in research. Divide 
your class into separate teams. 


The Rules 

1. Explain that the objective of the game is 
for each team to identify solutions that 
have a pH range of 2-9. 

The students should draw a horizontal pH 
scale line from 0 to 14, marking pH 7 as 
the neutral point. Each unit should be 
spaced at least 1 cm apart. They should 
then draw a box underneath each pH unit 
from 2 to 9. 

Each team finds substances that have a pH 
corresponding to a box in the pH scale. 

2. The teacher draws the following matrix on 
the board. See HY-pH-1. 

3, One point is awarded for each box filled, 
even if the team finds two samples with 
the same pH. 

4. Students should record all the information 
about the solution from the labels and the 
pH they measured. 

5. When students are ready to submit a 
sample for the game results board, they 
show the teacher their notes and sample. 
Together they measure the pH with a new 
PH strip. If the pH agrees with the 
students’ previous measurement, the 
sample is approved and the points are 
added to the team’s score. The Table HY- 
PH-2 is an example of results for different 
teams. 

6. The teacher gives a new pH strip for each 
sample added to the results board. 


Extensions to the pH Game 

Beginning 

Fora basic understanding, use salt and sugar and 
explain to students that salty does not necessarily 
mean acid and that sweet does not necessarily 
mean basic. Cola soft drinks are good examples 
of a sweet and very acid liquid. 


Intermediate 


Make the game more competitive. For instance, 
the team that finds or creates the first sample of a 
particular pH value receives 5 points; 
subsequently, samples for that pH level receive 
only 1 point. 


Make the game more difficult by limiting the 
sample sources to only natural materials. 


Limit the number of pH strips given to each group 
and set up a rule for buying a new one with game 
points. 


Advanced 


Ask the student which solutions should be mixed 
together to produce a neutral solution (pH ~7). 
Explain to the students that pH is a logarithmic 
scale and is not additive. (For example, mixing 
equal amounts of unbuffered solution of pH 6 and 
pH 7 would produce a solution of pH 6.2, not 
pH 6.5, although if they are using pH paper, they 
will not be able to tell the difference.). Have them 
test their hypothesis by mixing some of the labeled 
solutions together and recording the pH. How 
much of each solution was used? What was the 
resulting pH? Is it higher or lower than then 
expected? 


Explain the concept of acid neutralizing capacity 
(alkalinity). Discuss whether it requires more 
acidic solution to lower the pH of a solution with 
high alkalinity or a solution with low alkalinity, 
when both solutions have the same starting pH. 
Many of the solutions may have some alkalinity; 
therefore a higher proportion of the acidic solution 
will be required to lower the pH of the solution 
with higher alkalinity. Have students discuss the 
neutralization capacity of the different solutions. 
Relate this to buffering capacity (alkalinity) of 


hydrology sites. 
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Conduct а similar analysis of samples made from 
water from different areas of your community. 
Compare tap water compare with water from your 
study site. Compare the pH of water mixed with 
soil from different soil horizons. 


Note: For older students we recommend inviting 
an expert to answer their questions. 


Further Investigations 


Examine the Hydrology Study Site for materials 
in soil, rocks, and vegetation that influence the 
pH of the water. 


Try to identify and quantify influences that are 
not always present at the study site, such as 
precipitation or some event upstream of your 
sampling site. See if the pH of your site changes 
over the course of a day. Photosynthesis can cause 
fluctuation in pH (although these will be too small 
to be measure with most pH paper) 
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Student Assessment 


After the game sit with students around the results 
board and identify what samples they have found 
where the samples were found, and the PH of the 
samples. Encourage students to Present their own 
ideas about why different samples have different 
PH values. Emphasize differences among water 
samples from soils, rocks, artificial surfaces, lakes 
Tivers, etc. Mention the acid neutralization 
capacities (alkalinity) of some rocks and the acidic 
influences of different materials, Ask them why it 
was difficult to find samples for some pH levels 
and easy to find others. 


Acknowledgments 


The pH game was created and tested by the leaders 
team of TEREZA, the Association for 
Environmental Education, Czech Republic 
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| Purpose 


To model a soils water storage over a year 


Overview 

Students create a physical model illustrating the 
| soil water balance using glasses to represent the 
soil column. They use data from the GLOBE 
Data Server to calculate the potential 
evapotranspiration (the amount of water needed 
to meet the demand for the month), average 
monthly temperatures and precipitation for 
their model. They then construct a model 
representing the soil water balance for their site. 


Student Outcomes 

Students will be able to create a model of the 
| physical environment and explain how the 
model can be used to interpret data and form 
predictions. 


Science Concepts 
Earth and Space Science 

Soils have properties of color, texture and 
composition; they support the growth of 
many kinds of plants. 

Soils consist of weathered rocks and 
decomposed organic matter. 

Water circulates through the biosphere, 
lithosphere, atmosphere and 
hydrosphere (water cycle). 

Scientific Inquiry Abilities 

Identify questions. 

Design and conduct a scientific 
Investigation. 

Use appropriate tools and techniques. 


Use data to construct a reasonable 
explanation. 


*CoBnize and analyze alternative 
explanations. 
Use appropriate mathematics. 


ij : 
mmunicate procedures and 
explanations, 


Time 

One class period to calculate values 
One class period to construct model 
One class period for hypothesis testing 


Level 


Intermediate and advanced 


Materials and Tools 
Part I: Physical model 
14 beakers, glasses, or graduated cylinders 
(approximately 20-25 cm tall, or tall 
enough to hold the total precipitation 
for the wettest month at your model 
site) 
Water 
Red and black permanent markers 
Ruler 
Data from the GLOBE server or from the 
example below 


Part II: Mathematical model 
One year of precipitation, temperature, 
and soil moisture data 
Tables and charts from this activity 
Preparation 
For Part Il, find schools which have appropriate 
data on the GLOBE server. 


Prerequisites 
Simple math calculations, reading graphs, and 
using the GLOBE visualization server 
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Background 

The amount of water stored in the soil at your 
site can be estimated by creating a water balance 
model for your area. The water content of your soil 
depends on the balance between water gained due 
to precipitation and water lost through 
evaporation and transpiration. The combined 
amounts of water lost through evaporation and 
transpiration is evapotranspiration. The maximum 
amount of evapotranspiration, potential 
evapotranspiration, would occur if water were 
always available. Since at times, for instance 
during a dry summer, the amount of water 
evaporated may exceed precipitation, water is not 
always available to meet demand. 


The water content of your soil is a key factor in 
determining which plants can grow in your area. 
Several factors control the water content of your 
soil including temperature, the duration of 
sunshine, the amount of groundcover and the 
amount of precipitation, One might think the 
months of highest precipitation would also be the 
months with the greatest soil water content. This 
may not be true, but not always! If the 
temperatures are so great that most of the water 
evaporates, a cooler month may actually have 
higher soil water content. Scientists study the 
water balance in an area to predict when plants 
will grow and when they will be under stress due 
to lack of water, 


Reynolds Jr Sr High School, Greenville, PA, US, 1999 data 


Teacher Support 
Advance Preparation 


Discuss with students the importance of Water 
held in the soil. You may want to do the Just Passing 
Through learning activity to illustrate the holding 
capacity of different soils. 


What to Do and How to Do It 


Examine the data from 1999 for Reynolds Jr sr 
High School. Potential Evapotranspiration (PE) 
is the amount of water that would be lost through 
evaporation and transpiration if water was always 
available. When PE is less than Precipitation, water 
is available to plants. When PE is greater than 
precipitation, plants must depend on water stored 
in the soil. PE is calculated for this model usinga 
mathematical formula that includes two variables, 
temperature and duration of sunlight. 


Have the students answer the following questions 
to interpret the data. 

* Which month has the most precipitation? 
Which has the least? 

* Which month is the warmest? Which is 
the coldest? 

* During which months might you expect to 
have runoff (too much water to store in 
the soil)? 

* During which months would you expect 
to have a water shortage (not enough 
water stored in the soil to meet the needs 
of plants)? 


КОР ГӨ ЕБ o 3 

Months Jan | Feb | Mar Apr | May | Jun Jul | Aug | Sep | Oct | Nov_| Dec 
Total Monthly | 

Precipitati 5 

plation (mm) | 120 | 70 | 55 121 6з | 50 Elmo 84 | 62 | 35 | 109022 

PE (mm) Potential 0 

Evapotransportation| 0.0 | оо CO Ue SS 11а, P 109 | вз | a6 |20 |02 
ee MENS SS oe lr 

Average Monthly jh 

Temperature (C) | -4.6 07 |-44 | 990 148 |195 |224 |192 17.0 | 89 |62 a 
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part I - A Physical Model 


Setting Up Your Model 

1, Have students set out 12 containers 
representing months of the year. Label 
them from January through December. 
See Figure HY-BA-1. 
Using the Reynolds data (or other data 
provided), have the students find the PE 
for each month. They can use a ruler and 
a black marker to draw a line on each 
container indicating the PE in mm for 
each month. 
Mark the 13" container as storage. Make a 
line at 100 mm on the container to 
indicate when storage is full. The 14% 
container is for Precipitation. 


Using Your Model 


Provide the following instructions to your 
students. Find the amount of precipitation for 
January in the table. Measure out this amount of 
water into the precipitation beaker. Then pour 
the ‘precipitation’ into the January beaker, using 
the following rules: 


кә 


ә 


Rule 1: If you have more precipitation than you 
need for the month, fill the January container to 


the PE line, then pour the rest of the water into 
Storage. 


Figure HY-BA- 1; Setting Up for the Water Balance Model 


Rule 2: The Storage container can only be filled to 
100 mm. If January is full to the PE line and the 
Storage is full, throw away the rest of the water. 


Rule 3: If you do not have enough precipitation to 
fill the January container to the PE line, pour in all 
the precipitation then take water out of storage to 
fill up January to the PE line. 


Rule 4: If you have used all the precipitation for 
the month and the Storage is empty, make a red 
line on the January cup indicating the water line. 
The difference between the black and red lines is a 
water shortage. 


2. Repeat the steps for each month, progressing 
through the year. 


Discuss Your Results 
Ask students the following questions, 

1. Which months show a water shortage? Did 
this agree with your hypothesis? Are there 
any variables you might now take into 
consideration in forming a hypothesis on 
water shortages at a site? 

. Are water shortages always in months with 
the least precipitation? 

3. Are water shortages always in months with 
the highest temperatures? 

. During which months might you expect 
floods? 


N 


EY 


One glass for each month, marked with amount of water needed 


SSS e pes 


APR | | MAY | | JUN | | JUL | | AUG | | SEP | | OCT | | NOV | | DEC 
Eren 
[ Ee TOES EE 


Precipitation 
Beaker 


Water needed 


EET 


028) 


Ѕіогаде 
100 тт 
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CA Testing Hypotheses With Your Model 

i ** Have your students form hypotheses that predict 
how the water balance will change with changes 
in variables. 

Have them consider the following possibilities. 

1. What happens if you have a particularly 
wet winter? (increase the winter 
precipitation for one winter month) 

2. What happens if you have an unusually 
dry summer? (decrease the summer 
precipitation for one summer month) 

3. What happens if you have an unusually 
hot summer (increase the water needed 
(PE) for the summer months) 

^. What happens if you increase your storage 
through building an artificial reservoir? 
(increase Storage to 150 mm) 

Have students test their hypotheses by changing 
variables in the table and running the model again. 


ec 


ч 


Notes: Have students start the experiment with 
October as the starting month. Hydrologists 
Sometimes define a “water year" as starting in 
October (in the northern hemisphere), before the 
winter snow accumulation season. Is there a 
different result? 


Further In vestigations 


Using the Calculating Potential Evapotranspiration 
Using Graphs Work Sheet or the formulas at the end 
of the activity, students can find the PE figures for 
any GLOBE school with a year of temperature data. 


Have students: 

1. Use their own school data, or find other 
GLOBE schools in different parts of the 
world, to explore differences in the water 
balance in different ecosystems or biomes. 

2. Examine the water balance of one site for 
several years, Does the water balance 
change from year to year? 


0 Part Il - A Mathematical Model 


Have students complete the Water Balance Table 


Work Sheet for their Own site or another site using 
GLOBE data. 


Have students do the following Steps to fill in the 
Work Sheet: 


1. Find the total monthly Precipitation for 
each month and fill in the Precipitation 
row in the table, 
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Modeling Your Water Balance Learning Activity - 4 


. Find the Potential Evapotranspiration (PE) 


f 
each month and fill in the PE row in the 1 | 


table. (PE may be calculated using the 
Calculating the Potential Evapotranspiration 
(PE) Using Graphs Work Sheet or by using the 
formulas at the end of the end of this activity 


- Find the difference between the precipitation 


and the water needed (PE) for the first 
month. 

• If there is more water than needed, enter 
the difference in the Extra Water Row, 
Enter this difference into the 

Storage row, adding it to any water 
already in Storage from the previous 
month. 


Note: In the first month there is no number 
to add from the previous month. 

Note: Storage cannot be greater than 100, Put 
the amount over 100 mm into Runoff. 


. If there is less water than needed, enter the 


difference into the Extra Water Needed row. 

* To find the Storage, subtract 

(Storage from the previous month) - 

(Extra Water Needed from the current 
month). 

If the difference is greater than 0, enter this | 
number into the Storage box. If the numberis 
less than 0, enter 0 into Storage and the result 
into Shortage. 

Note: Shortages are not cumulative. Do not 
add them together from previous months. 


. Follow Step 3 across the table for each 


month. Е 
Note: Тһе months must be done in order. 


- Calculate the actual amount of water loss 


through evapotranspiration (AE): 
If Precipitation » PE: 

AE = PE 
If precipitation < PE: 

AE = PE - Shortage 


- Graph the precipitation, actual evapo- 


transpiration, and PE (3 lines) for the aa i 
one graph using the months on the X-a n n) 
and mm of water on the Y-axis. e | 
Braph and shade in areas where you | A 

water surplus, water shortage, recharge 

runoff. 
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Water Balance Table Work Sheet 


ПЕЕ а а 

Months Jan | Feb | Mar | Apr Bike Jun | Jul | Aug Sep |Oct |Nov |Dec 
(mm) KEN. |с 

Precipitation (mm Hi | 
a | T—- | | | 
(PE) Potential 
Evapotranspiration | 

T Lane E 
Extra Water Е 2 | [ 3 
Water Needed 8: | 
Storage NZS L | | ? 1 
Shortage |А | | jie 4 
Runoff 2 [Г m 
(AE) Actual 
Evapotranspiration 


Key to Table 


Precipitation: Total precipitation for the month 


Potential Evapotranspiration (PE): Total amount of water that would be lost through evaporation 
and transpiration if water were always available. Find the PE using the Calculating Potential 
Evapotranspiration Using Graphs Work Sheet or by using the formulas at the end of the activity. 


Extra Water: Precipitation in excess of what is needed to meet monthly demand 
Extra Water = (Precipitation — PE) when the difference is positive 
Extra Water Needed: Water needed from storage to meet demand 
Extra Water Needed = (Precipitation — PE) when the difference is negative 


Water in Storage: Water stored in soil. Storage is never less than 0 or greater than field capacity (field 
Capacity is assumed to be 100 mm for this model) 


Storage = Storage (previous month) + Extra Water or 
Storage = Storage (previous month) — Extra Water Needed 
Water Shortage: Water needed in excess of precipitation and storage to meet demand 
Shortage = Water Needed (current month) — Storage (previous month) when the difference is negative 
Runoff: Water lost when precipitation is greater than PE and Storage is at capacity 
Runoff = Extra Water (current month) + Storage (previous month) when sum >100 


Ac 
и Evapotranspiration (AE): the amount of water that is actually lost through evaporation and 
Spiration 


AE = PE - Shortage 
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Further Investigations 
Have students: 

1. Examine the GLOBE soil moisture data 
from the site where they modeled the 
water balance. What correlation can they 
find between your model and the soil 
moisture data? 

Graph their measurements of water 
chemistry. Are there any indications of 
changes in the water balance that may 
correlate with water quality? 

Use their model to examine possible 
effects of a hotter summer or wetter rainy 
season than normal. 

4. Think about other factors that may affect 
their soil moisture such as vegetative 
cover, soil type, etc. How could they 
incorporate these variables into their 
model? 

Have students think about assumptions that are 
made in this simple model such as ‘soil holds 100 
mm of water’ or ‘all water not held in storage runs 
off. How might these assumptions affect their 
results? How could they make the model better? 


n 
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Example Answers: School: Reynolds Jr Sr High School, Greenville, PA, US, 1999 data) 


Completed Water Balance Table 


| May 


Months Mar | Apr Jun Dac 
=) = 8 
Precipitation (mm) | 120 70 55 121 63 50 56 
r> Water Needed (PE)| 0 0 0 42 85 118 0 
Extra Water 120 | 70 55 79 56 
d TENIS 
Water Needed 22 68 
- 
Storage 100 | 100 | 100 | 100 | 78 | 10 100 
Shortage 
Runoff 20 70 55 79 44 
| ا‎ a 
Actual 
Evapotranspiration | 0.0 | 0.0 | 0.0 | 42 | 85 |" 0 
Temperature ('C) |-46 | -0.7 | -1.1 | 9.0 |148 | 19.5 -1.6 
Completed Potential Evaporation Table 
Month Jan | Feb | Mar | Арг | May | Jun p Aug | Sep | Oct | Nov | Dec 
— 
Avg. Monthly 8 
Temperature (С) |.46 |-от |-11 | 9 |148 |195 [224 |192 | 17 |89 | 62 |-16 
— al 
Heat Index 
(from equation) o |0 |o |24 |52 |79 |97 |77 |64 |24 0 
A ш E 
UPE = 
(from equation) o | о | o [|381 |682 |942 |110.9 |92.5 |80.2 0 
——— | 
Correction Factor ib 
(rom table) 0.84 |0.83 | 1.03 |1.11 | 1.24 | 1.25 | 1.27 | 1.18 0.96 | 0.83 | 0.81 
| pe 
PE 
(UPE x CF) o |o |o | 42 |85 |118 |141 | 109 | 20 o | 
Usin, : 
A 3 К equation method (step 2) — I is the sum of the monthly Heat Indexes. |= 43 
Tis an exponent calculated in step 3a. ты 
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Method 1: Calculating Potential Evapotranspiration Using Graphs 
Calculating Potential Evapotranspiration (PE) Using Graphs Work Sheet 


Month Арг | Мау | Jun | Ju! | Aug | Sep | Oct | Nov Dec ] 
T نا‎ 

Avg. Monthly 

Temperature (°C) 

SMES 


Heat Index 
(from graph) 


UPE 
(from graph) 


Correction Factor 
| (from table) (о.е 
PE (UPE x СЕ) 
Step 1 

Find the Average Monthly Temperature for your site using the GLOBE data server. 
Step 2 

Find the Heat Index for each month from the graph below. 


Month} Average UPE 
Monthly (Unadjusted 
Temperature Potential ET (mm) 


Monthly Heat Index 


Annual Heat index — —— 


5 10 15 2ü 25 E 
Average Monthly Temperature 


Step 3 


Add the Monthly Heat Indexes together to get the Annual Heat Index: 
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step 4 


Use the Annual Heat Index and the Average Monthly Temperature for each month to find the 
Unadjusted Potential Evapotranspiration (UPE) from the graph below. Note: If the average 
temperature for the month <0, the UPE for that month is 0. If the average temperature for the month 


525.0, use the UPE for High Temperatures graph. 


Unadjusted Potential Evapotransportation 


25 


Annual Heat Index 


Month 


Jan 


Average 
Monthly 
Temperature 


UPE 
(Unadjusted 
Potential ET (mm) 


—- 


Annual Heat Index 2 


is 


He 


Average Monthly Temperature (Centigrade) 
Б 
"di 
o 
& 
& 
Unadjusted Potential Evapotransportation 


150 


Note: To use 
H 


on the right. 


eat Index ; the graph above, find your Average Monthly Temperature on 
пех in the center, Make a straight line joining the 2 points across the 


the left and your Annual 
graph and read the UPE 


ME 0 0  l = == 
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Unadjusted PE for High Temperature 


) 
ES 


= 
B 


Unadjusted PE (mm 


ж 27 28 24 30 31 32 39 
Temperature 


Note: Draw a vertical line up from temperature to the curve, then a horizontal line left from the curve to 
the UPE line. For example, a temperature of 27° C would have a UPE of ~ 140 mm 


Step 5 


Find the latitude of the school. Record the Correction Factor for each month from the table below. 


Daylight Correction Factors for Potential Evapotranspiration 


; aly : 
Latitude Jan | Feb | Mar Aug | Sep | Oct | Nov | Dec 


Multiply the Correction Factor by the UPE to find the P 
on the Water Balance Work Sheet. 
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3 Method 2: Calculating Potential Evapotranspiration Using Formulas 


Older students, or schools which have monthly average temperatures outside the range of the graphs, 
may use the following formulas to find the PE. 


Step 1 


First calculate a monthly heat index (i) for each month using the following formula 


Gy for T>0 


i=0 for T <0 


where T is the average temperature of the month in degrees C. 


Step 2 
Find the sum of the twelve monthly heat indexes to get the annual heat index (I) 


1 “Dan ggg? imar ес 


) Step 3 


a. First calculate the exponent m, to be used below. m is a number that depends on 1. The value 
of m is given by the formula 


m = (6.75 x 10 7) P- (7.71 x 10°) P + (1.79 x 10?) I + 0.492 


b. To get the unadjusted PE use the formula 0 T«0'C 


10T\™ А 
Unadjusted PE (millimeters) = 16(=—) T<0<26.5C 


-415.85432241-0.431?  T»26.5C 


Where T is the average temperature in degrees C for the specific month being considered. 


©. Once the unadjusted PE has been calculated, use the Daylength Correction Table to find the 
adjusted PE. 


* 
) Adapted from Physical Geography Today: A Portrait of a Planet (1978) Robert A. Muller and Theodore M. Oberlander, Random House: 


Using the i 
Thornthwaite Formula for Potential Evapotransporation 


- 1 
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Monthly Heat Index 


Method 1: Calculating Potential Evapotranspiration Using Graphs 


Calculating Potential Evapotranspiration (PE) паку Graphs Work Sheet 


= 


Month Jan | Feb | Mar ] Арг | Мау | Jun | Jul Aug | Sep | Oct Nov | Dec | 
|. 

ge M РТ E 224 |192 |170 | вә 125 Be 
Temperature (°С) 38 | 

Heat Index 0 0 108 | 89 78 37 |25 | 9 
(from graph) s -J 

UPE 1.04 | 1.04 1.01 | 1.04 1.01 | 1.04 
(from graph) is | | 
Correction Factor 1.27 |1.18 | 1.04 0.96 |0.83 | 0,81 
(from table) 1 | 


PE (UPE x CF) 2 | 82 | 114 |137 |105 | gi 36 | 21 | 0 
Step 1 


Find the Average Monthly Temperature for your site using the GLOBE data server, 
Step 2 
Find the Heat Index for each month from the graph below. 


Average UPE 
Monthly (Unadjusted 
Temperature Potential ET (mm) 
0 
Jan _| 74.6 
Feb | -0.7 0 
Mar | -1.1 0 
9.0 23 
14.8 0 
19.5 7.8 
22.4 98 
19.2 7.6 
17. 6.5 
aj 7.0 
: 8.9 | 24 
3 6.2 1.2 
= 
: Dec | -1.6 0 
0 Annual Heat Index 42.6 (rounds to 43) _ ij 
17 is 20 ES 30 
Average Monthly Temperature 
Step 3 
Add the Monthly Heat Indexes together to Bet the Annual Heat Index б 
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Step 4 


Use the Annual Heat Index and the Average Monthly Temperature for each month to find the 


Unadjusted Potential Evapotranspiration (UPE) from the 
temperature for the month <0, the UPE for that month is 0. If th 


525.0, use the UPE for High Temperatures graph. 


Unadjusted Potential Evapotransportation 


25 


20 


in 


5 


Annual Heat Index 
120 


Average Monthly Temperature (Centigrade) 


Note: To use 
Heat Index i 
9n the right. 


150 


~ Unadjusted Potential Evapotransportation (mm) 


graph below. Note: If the average 
€ average temperature for the month 


Annual Heat Index 43 
Month| Average UPE 
Monthly (Unadjusted 
Temperature Potential ET (mm) 
| Jan 1 |-46 0 
Feb | -0.7 | 0 
Mar | -1.1 0 
Apr | 9.0 | 38 
May | 14.8 66 
Jun | 19.5 91 
ET 224 108 
Aug | 19.2 89 
| Sep 17 78 
Oct | 8.9 | 37_ 
Nov | 6.2 25 
Dec | -1.6 | 0 


the graph above, find your Average Monthly Temperature on the left and your Annual 
the center. Make a straight line joining the 2 points across the graph and read the UPE 
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Unadjusted PE (mm 


Note: Draw a vertical line up from temperature to the curve, then a horizont 
to the UPE line. For example, a temperature of 27? C would hav 


Step 5 


Find the latitude of the school. Record the Correction Factor for each month from the tab 


Unadjusted PE for High Temperature 


Temperature 


30 


37 31 


e a UPE 


32 33 


al line left from the curve 
of ~ 140 mm 


e below. 


Daylight Correction Factors for Potential Evapotranspiration 
[Latitude Jan | Feb | Mar | Apr May | Jun | Jul | Aug Sep | Oct | Nov | Dec 
| 104| t01 | 104] 1.04 | 1.04 1.01 | 1.04] 1.01 | 1.04 
| 091 | тоз | тоз) 1.08 1.08 | 1.07 | 1.02 | 1.02 | 0.98 | 0.99 
| 0.90 | тоз | 105 | 4.13 | A1]| 1.14 1.02| 1.00 | 0.93 | 0.94 
gm 1.17 | 1.20 1.03 | 0.98 | 0.89 ТИ 
1.03 


=x fia 
=/8 


| 0.78 | 1.02 | 1.36 | 1.37] 1.25 | 1.06 | 0.92 | 0.76 | 0.70 

| 1.08 | 0.97 | 1.05 | oso | 101, 0.96 | 1.00 | 1.01 | 1.00 | 1.06 | 1.05 | 1.10 
| 1.14 тоо | 4.05 | 0.97 | 0.96 0.99 | 1.00] 1.08 | 1.09 | 1.15 
ABS | 106 | 0.95 | o2 | 0.96 | 1.00 | 1.12 | 1.14 | 1.21 

1.07 | сэз | ове | отв | 0.92 | 1.00 | 1.15 | 1.20| 129 

0.89 | 0.77 0.88 | 0.99 | 1.19 | 1.29 | 1.41 


Step 6 


Multiply the Correction 
PE on the Water Balance 


Correction 


Factor 


Factor by 
Work Sh 


the UPE to find the Potential Eva 


potra 
eet. 


nspiration (PE). Record the 
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Site Definition Sheet 


Quality Control Procedure Data Sheet 
Hydrology Investigation Data Sheet 


Freshwater Macroinvertebrate Identification 
Data Sheet 


Hydrology Site Map 
Glossary 
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Hydrology Investigation 


Site Definition Sheet 


Class or group name: 


School name: 
Name(s) of Student(s) filling in Site Definition Sheet: 


Date: Check one: Û New Sie О Metadata Update 


Site Name: 
(create a unique name that describes the location of your site) 


Coordinates: Latitude: See Se IN OPENS Longitude: —————— — DEorDw 
Elevation: ^ meter 

Source of Location Data (check one): O GPS О Other 
If Other, describe: 


Name of Water Body: 


(Name commonly used on maps) 


Water Type: 
O Salt ( 25 рр) О Brackish (2-25 рр) О Fresh (<2 ppv) 


Moving Water: 
O Stream or river 
O Other 
Approximate width of Moving water: meters 

Standing Water: 

DOPond Olake g Reservoir g Bay ODitch g Ocean O Estuary 
O Other: 


Size of Standing Water: 
О Much smaller than 50 m X 100 m 


O Roughly 50 m x 100m 

O Much larger than 50 m X100m 

Approximate Area of Standing Water: — km? 

Average Depth of Standing Water ———— meters 

Sample Location: 

O Outlet g Bank [7 Bridge g Boat O Inlet O Pier 


Can you see the bottom?: 
O Yes O No 
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Hydrology Investigation Site Definition Sheet — Page 2 


Channel/Bank Material (Check all that apply): 
051 O Rock О Concrete О Vegetated bank 


Bedrock (Check all that apply): 

Granite O Lime stone OVolcanics О Mixed sediments O Dont Know 
Freshwater Habitats Present (Check all that apply): 

O Rocky substrate О Vegetated banks Mud Substrate О Sand substrate 


O Submersed vegetation О Logs 


Saltwater Habitats Present (Check all that apply): 
O Rocky shore Sandy shore О Mud flats/Estuary 


Dissolved Oxygen Kit 
Manufacturer: О Lamotte О Hach О Other: 


Model Name: 


Alkalinity Kit 
Manufacturer: O Lamotte О Hach O Other: 
Model Name: 


Nitrate Kit 
Manufacturer: О Lamotte О Hach O Other : 
Method: O Zinc O Cadmium 

Model Name: 


Salinity Titration Kit 


Manufacturer: D Lamotte O Hach O Other: 
Model Name: 


Comments: Genera] description of your study site and metadata 
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Hydrology Investigation 
Quality Control Procedure Data Sheet 


School name: 


Student group: 
Date: 


Dissolved Oxygen: 


Temperature of distilled water: 


meters 


"G; Elevation of your site: 


Dissolved Oxygen for the shaken distilled water: 


Observer 1: mg/L Observer2: ——— mg/L Observer 3:__ — mg/L Average. — — mg/L 
Solubility of oxygen in water Calibration value Expected value 

for your temperature at for your elevation for DO in your 

sea level from Table 3-1: from Table 3-2: distilled water: 
[Sng x = mg/L 
Salinity 


Salinity of Standard: Observer 1:_____ppt Observer 2: — Ppt Observer 3: ___ ppt 
Average Salinity: — ppt 


Alkalinity 
Standard used (check one): Baking soda standard: Purchased standard: ___ 
Alkalinity of standard: — — mg/L 


For kits that read alkalinity directly: 


Observer nor mg/L as CaCO, Observer 2: —— mg/L as CaCO, Observer 3:. mg/L as CaC0, 


Average: mg/L as CaCO, 


For kits in which drops are counted: 


Observer 1 Observer 2 Observer 3 Average 
Number of drops: — drops drops drops йр 
Conversion Constant for 
your kit and protocol: x SSS = 5 
Total Alkalinity: = та ۳ 2 mgl 
(mg/L as CaCO,) ES iun е e 
Nitrate-Nitrogen 


Se BELNO; -N Observer 2— mgl М№О,- № Observer 3:____mg/L NO, № 
Average: — тру NO,- N 
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Hydrology Investigation 
Data Sheet 


School name: 


Class or group name: 


Name(s) of Student(s) collecting data: 


Measurement Time: 
Year: Month: Day: Time: __:__ (UT) Тіте SS (Local) 


Name of Site : 


Water State: (check one) 
Normal OFlooded ODry Frozen О Unreachable 
Transparency 
Cloud Cover (check one): 
O no clouds O broken (5096-9096) 
О dear (<10%) О overcast (290%) 
O isolated clouds (10%-24%) O obscured 


О scattered (2595-4995) 
Enter data below, depending on whether you are using the Secchi Disk or the Transparency Tube method. 


Secchi Disk 
First Secchi Disk Test: 


Distance from observer to where disk disappears (m) 
Distance from observer to where disk reappears (m) 
Distance from observer to water surface ——(m) 
O Secchi Disk teaches the bottom and does not disappear. 
Il checked enter depth to the bottom of the water site (m) 
Second Secchi Disk Test: 
Distance from observer to where disk disappears (m) 
Distance from observer to where disk reappears (m) 
Distance from observer to water surface (m) 
O Secchi Disk reaches the bottom and does not disappear. 
lf checked enter depth to the bottom of the water site (m) 
Third Secchi Disk Test: 
pace from observer to where disk disappears (m) 
Disance from observer to where disk reappears (m) 
‘stance from observer to water surface (m) 
I pom. reaches the bottom and does not disappear. 
ed enter depth to the bottom of the water site (m) 
GLOBE: 2003 Hydrology 
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Hydrology Investigation Data Sheet — Page 2 


Transparency Tube 
Note: If the image is still visible when the tube is full, input the length of the tube and check the 
“Greater than the depth of the turbidity tube". 


Test 1(ст): Greater than depth of transparency tube? O 
Test 2(cm): Greater than depth of transparency tube? О 
Test 3(cm): Greater than depth of transparency tube? O 


Water Temperature 


Average: Observer Name Temperature °C 


Dissolved Oxygen (mg/L) ] 


Conductivity: Temperature of water sample being tested: — — 
Observer Name Conductivity (uS/cm) 


Value of Conductivity Standard: MicroSiemens/cm (uS/cm) 


Water pH: Measured with: (check опе) О paper CJ meter 
Average: Observer Name If salt added 
conductivity (s/c) 


Value of buffers used: O PH4 OpH7 g PH 10 (Check all used.) 


| 
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Hydrology Investigation Data Sheet — Page 3 


Salinity 


Tide Information 
hours and minutes 


Check one: O High Tide: О Low Tide Check one: DUT C) Local time 


Time of tide before measurement: 


Time of tide after measurement: hours and minutes 


Check one: О High Tide: О Low Tide Check one: O UT Local time 


Place where these tides occur: 


Salinity (Hydrometer Method) 


Test 1 Test 2 Test 3 
Temperature of water 
in 500 mL cylinder ===" SEUSS i uer 
Specific Gravity: —— Exon ү кашка 
Salinity of Sample: рр BD — ppt 
Average Salinity: ___ppt 
Optional Salinity Titration 
Salinity of Sample: Test 1: ppt Test 2: ppt Test 3: ppt 
Average Salinity: = ppt 


Alkalinity: (For kits that read alkalinity directly) 


Average: Observer Name Alkalinity (mg/L as СаСО.) 
l 
pis 


—— mélasCaCO,| 3. 


Paty (ah kits or other kits in which drops are counted) 
Observer Name Total Alkalinity (mg/L as CaCO,) 


Number Conversion 


of Drops X | constant for 
your kit 
1. 
х 
2 
p x 
3 
x 
Average. 
erage: — mg/L. as Caco, 
CLORE" 2003 Hydrology 
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Hydrology Investigation Data Sheet — Page 4 


Total Nitrate + Nitrite (NO ;-N + NO,-N) 


Average: Observer Name Nitrate and Nitrite 
Nitrate+Nitrite (mg/L NO,N + МО) 
1. 
2: 
v ng/b 3. ul 
Nitrite-Nitrogen (NO ;-М) (optional) 
Average: Observer Name Nitrite 
NO,-N (mg/L МОМ) 
1. 
2. 
2 З. 
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Freshwater Macroinvertehrate 


Data Sheet 


School name: 


Class or group name: 


Name(s) of Student(s) collecting data: 


Date samples collected: Year : 


Month: Day : 


Name of Study Site : 


For a rocky bottom with running water site: 


Riffles: Number of samples: — 
Runs: Number of samples: 
Pools: Number of samples: 


(Total samples = 3) 


Fora multi-habitat site: 


Habitats Estimate of Number of samples 
96 Area (Area X 2 
100 20 
Submersed vegetation 
Vegetated banks, around 
logs, snags, roots 
Muddy bottom 
Gravel or sand 
Total Г 100% TA 
3 
GLopr: 
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Freshwater Macroinvertebrate Identification Data Sheet — Раде 2 


Таха Collected: 
і Number: Did 
Family, Genus or | Common Name you 
le к am s Total count OR sub-sample? 
Bs (if known) »100 Yes or No 
=i 
xis Г 
айк: 
L 
= 
1 
zl 
B =} 
| 


* required to most detailed level Possible of Phylum, Class or Order 


If taxon is sub-sampled: 


Total number of Squares in grid: 
Multiply by 0.2 


Number of squares to sample: 


Comments 


drology 
GLOBE* 2003 Hy 


Appendix - 19 
NN 


erensqnseuj() ejensqns Луоо фу peieieboa Y 


Hydrology 


Appendix - 11 


Seno g e seo) NE RNO LINO јәјш NI мод id чоңоэла @з гуз әуелдәнәлишоләвүү eus АбоолрАн XC puebe1 
f ii == - L is 
BE | L | | IE = 
IB 4 4 18 {= E F F E Ё | | | | 
M Ee. асно 
1 L + 12 = - 8. | | i Г |. | р! + 
E ale ee) al eee ee ee B ds | 
| a we al | EE ee РЕ 1i Pra T dx 
1 К E eee ia 
[ш —— | = 25 E | | 1 1 1 1 J | 21 1 
Dl 2 | ГГ ОТУ | H T x 
| | Late BAG t | тш T a 
HR M ва t | | | | | 
iE | ا‎ + 
[74 -+ 
= ered ewen Apog зәјелл | OWEN eus euiewN jooyos 
MOY цом 02:1 :epeo: 
C eae ous iA — 


тт 


GLOBE" 2003 


Ca 
DN 


S 


Glossary 


Abundance 
The number of organisms in a sample or 
taxon 
Accuracy 
The closeness of a measured value to a true 
value (See precision) 
Acid 
Any substance that can donate a hydrogen 
atom or proton (H'*) to any other substance. 
Acid Rain 
Rain characterized by pH values below 6 
Acidic 
Characterized by pH « 7 
Acidity 
l. The amount of strong base (e.g. Sodium 
Hydroxide) necessary to titrate a sample to 
a pH of around 10.3; measures the base 
neutralizing capacity of a water 
2. Anacid quality or state (Common Usage) 
Aerosols 
Liquid or solid Particles dispersed or 
suspended in the air 


Alkaline 
Characterized by pH >7 
Alkalinity 
The amount of strong acid (e.g. 


Hydrochloric Acid) necessary to titrate a 
sample to a pH of around 4.5. Measures the 
acid neutralizing Capacity of a water and is 
often reprinted as ppm CaCO,. 

Aqueous 
Containing or contained in water 

Background Concentration 
The level of chemicals Present in a water due 
to natural processes rather than due to 
human contribution 

Base 
Any substance that accepts a proton (H*) 
from another substance 

Benthic 
Pertaining to bottom dwelling water animals 
or plants 

Biodiversity 
The variety of organisms 


( 


E 
Brackish Water 


Water containing dissolved salts at à 
concentration less than Seawater, but greater 
than fresh water. The Concentration of 
dissolved salts is usually in the Tange 1000 
- 10,000 ppm. 

Buffer Solution 
One that resists change in its PH when either 
hydroxide (OH or protons (H*) are added. 
The stable and known pH value of these 
solutions make them suitable for calibrating 
pH measuring devices 

Calibration 
To set or check an instrument against an 
index or standard of known value through 
some type of proportional or statistical 
relationship. 

Catchment Basin 
1. The part of a river-basin from which rain 
is collected, and from which the river gets 
its water. Each catchment basin is with the 
boundary defined by the watershed. The 
term watershed is often incorrectly used to 
describe catchment basins. 
2. The area drained by a river or stream 

Chlorinity 4 
The chlorine concentration of a solution 

Colorimetric Method | d 
Many procedures for measuring dissolve 
substances depend on color derei 
The underlying assumption is that Es 
intensity of the color is proportional to th 
concentration of the dissolved substance In 
question. 

Conductivit 
The abilit of an aqueous solution to M 
an electrical current. Depends upon dis 
concentration of dissolved salts (ena y : 
type of ions, and the temperature nid 
solution. Typical units are ا‎ 
or micromhos/cm. (These are equiva 

Denitrification j to 
The act or process of reducing mee 
ammonia. Nitrite may be an interm 
product. 
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Hydrology 


Density 7 
The ratio of the mass of a substance to its 


volume 


Dissolved Oxygen 
The mass of molecular oxygen dissolved in 


a volume of water. The solubility of oxygen 
is affected non-linearly by temperature; more 
oxygen can be dissolved in cold water than 
in hot water. The solubility of oxygen in 
water is also affected by pressure and salinity; 
salinity reduces the solubility of oxygen in 
water. 

Dissolved Solids 
Solid particles that have become liquid by 
immersion or dispersion in a liquid (e.g. 
salts) 

Enrichment 
Making a water more productive (e.g. by 
adding nutrients) 

Eutrophication 
A high level of productivity in a water body, 
often due to an increased supply of nutrients 

Evaporation (of water) 
Change from liquid to vapor at a temperature 
below the boiling point 

Evenness 
How equally abundant the taxa are in a 
sample 

Hydrologic Cycle 
The series of stages through which water 
passes from the atmosphere to Earth and 
returns to the atmosphere. Includes 
condensation to form clouds, precipitation, 
accumulation in soil or bodies of water and 
Te-evaporation 

Hypothesis 
Atentative Statement made to test its logical 

е 9r етрігіса] consequences 

n Situ 


i Situated in its original natural place (Latin) 
entic 
Relating to, or living in standing water (lakes, 
Ponds or swamps) 
Sgarithmic Scale 


s cale in Which each unit increment 
n i 
ini Presents a tenfold increase or decrease 


Relating 


to, or living in actively movin water 
(trea 8 кини 


MS Or rivers) 


Macroinvertebrates 
Animals that have no backbone and are 
visible with the naked eye (20.5 mm) 
MicroSiemens/cm 
Metric unit of measurement for conductivity. 
Equivalent to micromhos/cm 
Micromhos/cm 
Standard unit of measurement for 
conductivity. Equivalent to microSiemens/cm 
Molar 
Unit of measurement for concentration 
(moles per liter of solution). 
Molecule 
The smallest fundamental unit (usually a 
group of atoms) of a chemical compound 
that can take part in a chemical reaction 
Natural Waters 
Systems that typically consist of the 
sediments/minerals and the atmosphere as 
well as the aqueous phase; they almost 
always involve a portion of the biosphere. 
Neutral 
Characterized by pH - 7 
Nitrate 
A salt of nitric acid (HNO,). Nitrates are 
often highly soluble and can be reduced to 
form nitrites or ammonia. 
Nitrate-Nitrogen 
Concentrations of nitrate (МО,) are often 
expressed as mass of nitrogen per volume 
of water 
Nitrite 
A salt of nitrous acid (HNO,). Nitrites are 
often highly soluble and can be oxidized to 
form nitrates or reduced to form ammonia 
Nitrite-Nitrogen 
Concentrations of nitrite (NO, are often 
expressed as mass of nitrogen per volume 
of water. 
pH 
The negative logarithm of the molar 
concentration of protons (H*) in solution 
Photosynthesis ; 
The process in which the energy of sunlight 
is used by organisms, esp. green plants to 
synthesize carbohydrates from carbon 
dioxide and water 
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Pool 
In a stream or river, a deeper region with 
slower-moving water and smaller sediments 
ppm : 
Usually parts per million. (Equivalent to 
milligrams per Liter in GLOBE calculations) 
ppm Chlorinity 
By weight, equal to milligrams of chlorine 
per Liter, with the assumption that one Liter 
of water weighs one kilogram 
ppt 
Usually parts per thousand. (Equivalent to 
grams per Liter in GLOBE calculations) 
Precipitation 
1, The falling products of condensation in 
the atmosphere. e.g. rain, snow, hail 
2. Separation in solid form from a solution 
due to chemical or physical change (e.g. 
adding a reagent or lowering the 
temperature) 
Precision 
A measurement for the degree of agreement 
between multiple analyses of a sample (See 
accuracy) 
Productivity 
The formation of organic matter averaged 
over a period of time such as a day or a year 
Proton 
A positively charged elementary particle 
found in all atomic nuclei, The positively 
charged hydrogen atom (H*) 
Reagent 
A substance used to cause a reaction, 
especially to detect another substance 
Reduce 
In chemical terms, to change from a higher 
to a lower oxidation state (i.e, gain electrons) 
Richness 
The number of different taxa 
Riffle 
In a stream or river, a shallower area with 
faster-flowing water and larger sediments 
Run 
Ina stream or river, an intermediate category 
between pool and riffl 
poo' and riffle. A run does not have 


the turbulence of a riffle, but moves faster 
than in a pool. 
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Runoff 
The component of precipitation that appears 
as water, flowing in a stream or river 
Saline Water 
Water containing salt or salts 
Salinity 
A measure of the concentration of dissolved 
salts, mainly sodium chloride, in brackish 
and salty water 
Salts 
Ionic compounds which in water solution 
yield positive (excluding H*) and negative 
(excluding OH’) ions ; the most common of 
which is sodium chloride, or “table salt” 
Saturated Solution 
A solution that contains the maximum 
amount of dissolved substances at a given 
temperature and pressure 
Snag 
A tree or branch embedded in the bed of 
the water body 
Solubility 
The relative capability of being dissolved 
Solute 
А substance that dissolves in another to form 
a solution 
Solution 
A homogeneous mixture containing two OF 
more substances 
Solvent 
A substance that dissolves another to form 
a solution 
Specific Heat ; 
The heat in calories required to raise E 
temperature of one gram of a substance DY 
one degree Celsius 
Specific Gravity m 
The ratio of the density of a ec 
the density of water (at 25 Gia 
1 atmosphere) 
Standardization 
To cause to conform to a standard 
Standard 
A measure with a valu А 
outside means for use in calib 
known reference 


e established through 
ration; 4 
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Suboxic Water : 
Very low levels of dissolved oxygen; 


denitrification occurs (nitrate is converted 
to ammonia) 

Suspended Solids ; 
Solid particles in a fluid that do not dissolve 
or settle out 

Suspensions 
A mixture in which very small particles of a 
solid remain suspended without dissolving 

Taxa 
Plural of taxon 

Taxon 
A group of organisms of any particular rank 
(such as order, family, genus). Singular of 
taxa 

Tides 
The periodic rise and fall of the waters of 
the ocean and its inlets, produced by the 
attraction of the moon and sun. Occurs 
about every 12 hours. 

Titrant 

З The reagent added in a titration 
è Titration 

The process of ascertaining the quantity of 
a given constituent by addition of a liquid 
reagent of known strength, and measuring 
the volume of reagent necessary to convert 
the constituent through a given reaction 

Topography 
The surficial relief features of an area 

Total Dissolved Solids 
The total mass of solids remaining when a 
given volume of filtered water is evaporated 


to total dryness following an accepted 
protocol 
transparency 
Having the property of transmitting rays of 
light through its substance so that bodies 
i located behind can be distinctly seen 
urbid 
Not clear, or transparent due to stirred up 
sediment 
Water Quality 


A distinctive attribute or characteristic trait 
Water, described by physical, chemical, 
and biological properties 
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Watershed 
The line separating the waters flowing into 
different rivers, river basins or seas; a narrow 
elevated tract of ground between two 
drainage areas.; see catchment basin 

Water Vapor 
Water in the gaseous phase 
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Soil Investigation 
at a Glance 


pe Protocols 


Measurements taken at Soil Characterization Sites: 
top and bottom depths for each horizon in the soil profile 
structure, color, consistence, texture, and amounts of rocks, roots, and 
carbonates 
bulk density, particle density, particle size distribution, pH, and fertility 
(N, Р К) of samples taken from each horizon 
Measurements taken at Soil Moisture or Atmosphere Sites 
soil moisture during two annual campaigns, 12 times per year, or 
monitored 
soil temperature, daily or weekly, with diurnal variation 2 days every 3 
months or monitored every 15 minutes 


Suggested Sequence of Activities 


Read the Introduction. 

Read the Protocols to learn precisely what is to be measured and how. 

Choose any Learning Activities that might support the Protocols 

Make copies of the Data Sheets in the Appendix 

Perform the Soil Characterization Protocols. 

Perform the Soil Temperature Protocol. 

Perform the Gravimetric Soil Moisture Protocol. 

Perform the Bulk Density, Soil Particle Density, Particle Size Distribution, Soil pH, 
and Soil Fertility Protocols. i 

Visit the GLOBE Web site with your students and review the data submission 
pages for Soils. 

Submit your data to the GLOBE Student Data Server usin g the Web or email. 


Y Special Notes 


If you choose to dig a soil pit, you may require help with digging. 
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Table of Contents 


Introduction 
Why Investigate Soils? .................... ee Introduction 1 
The Big;Pictures 3.2 Oe LE UD Introduction 2 


GLOBE Measurements 
Individual Measurements . 


»... Introduction 9 
„... Introduction 9 


Protocols 

Selecting, Exposing and Describing a Soil Characterization Site 

Soil Characterization Protocol 

Soil Temperature Protocol 

Gravimetric Soil Moisture Protocol 

Bulk Density Protocol 

Soil Particle Density Protocol 

Particle Size Distribution Protocol 

Soil pH Protocol 

Soil Fertility Protocol 

Digital Multi-Day Max/Min/Current Air and Soil Temperature Protocol 
(see Atmosphere Chapter) 

Optional Digital Multi-Day Soil Temperatures Protocol" 

Optional Automated Soil and Air Temperature Monitoring Protocol* 

Optional Soil Moisture Sensor Protocol* 

Optional Water Infiltration Protocol” 

Optional Davis Soil Moisture and Temperature Station Protocol* 


Learning Activities 
Why do We Study Soil?” 
Just Passing Through - Beginners 
Just Passing Through 
From Mud Pies to Bricks* 
Soil and my Backyard” 
A Field View of Soil - Digging Around" 
Soil as Sponges: How Much Water Does Soil Hold?" 
Soil: The Great Decomposer* 
The Data Game* 


* See the full e-guide version of the Teacher's Guide available on the GLOBE Web site and CD-ROM. 


Soil 
Welcome -3 


==: 
rst 


GLOBE" 2003 


Appendix 


Soil Characterization Site Definition Sheet.................... Appendix 2 
Soil Characterization Data Sheet.. Appendix 3 
SoitiTemperatüre Bata: $Пгёк.............................................. Appendix 4 
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Bulk Density Data Sheet 
Soil Particle Density Data Sheet 
Soil Particle Size Distribution Data Sheet ....... 
Soil pH Data Sheet 
Soil Fertility Data Sheet 
Textural Triangle 
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Soil 


Introduction 


Soils are one of Earth's essential natural resources, 
yet they are often taken for granted. Most people 
do not realize they are a living, breathing world 
supporting nearly all terrestrial life. Soils and their 
function within an ecosystem vary greatly from 
one location to another as a result of many factors, 
including differences in climate, the parent 
material of the soil, and the location of the soil on 
the landscape. 


Scientists, engineers, farmers, developers and 
other professionals consider a soils physical and 
chemical characteristics, moisture content and 
temperature to make decisions such as: 
* Where is the best place to build a 
building? 
• What types of crops will grow best in a 
particular field? 
* Will the basement of a house flood when 
it rains? 
* What is the quality of the groundwater in 
the area? 


Using the data collected in the GLOBE Soil 
Investigation, students help scientists describe soils 
and understand how they function. They 
determine how soils change and the ways they 
affect other parts of the ecosystem, such as the 
climate, vegetation, and hydrology. Information 
about soils is integrated with data from the other 
GLOBE protocol investigations to gain a better 
view of Earth as a system. 


Why Investigate Soils? 


oe on top of Earths land surface as a 
ie B nown as the pedosphere. This thin layer 
every par ee resource and so deeply affects 
the "great the ecosystem that it is often called 
nuttiente ан For example, Soils hold 
tenant a water for plants and animals. They 
Jan ап water that passes through them. 
amount ud the chemistry of water and the 
tothe atmos » arges the groundwater or returns 
and most Phere to form rain. The foods we eat 
of the materials we use for paper, 


buildings, and clothing are dependent on soils. 
They play an important role in the amount and 
types of gases in the atmosphere. They store and 
transfer heat, affecting the temperature of the 
atmosphere and controlling the activities of plants 
and other organisms living in the soils. By studying 
these functions, students and scientists learn to 
interpret a site’s climate, geology, vegetation, 
hydrology, and human history, They begin to 
understand soil as an important component of 
every ecosystem on Earth. 


Scientists Need GLOBE Data 


The data students collect through the GLOBE soil 
measurements are invaluable to scientists in many 
fields. Soil scientists use the data to better 
understand how soils form, how they should be 
managed, and what their potential is for plant 
growth. Hydrologists use the data to determine 
water movement through a soil and a watershed 
and the effect of soils on water chemistry. They 
also examine the effects of different types of soil 
on the sedimentation in rivers and lakes. 
Climatologists use soil data in climate prediction 
models. Atmospheric scientists want to know the 
effect of soils on humidity, temperature, reflected 
light, and fluxes of gases such as CO, and 
methane. Biologists examine the properties of soil 
to understand its potential for supporting plant 
and animal life. Finally, anthropologists study the 
soil in order to reconstruct the human history of 
an area. 


When data are available for many areas of the 
World, scientists study the spatial patterns of soil 
properties. When a full set of GLOBE atmosphere, 
hydrology, land cover and soils data exists at a 
specific site, scientists use the information to run 
computer simulation models to understand how 
the whole ecosystem functions and to make 
predictions about what the ecosystem will be like 


in the future. 
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The Big Picture 
Soil Composition 


Soils are composed of four main components: 


* Minerals of different sizes. 
* Organic materials from the remains of 
dead plants and animals. 

* Water that fills open pore spaces. 

» Air that fills open pore spaces. 
The use and function of a soil depends on the 
amount of each component. For example, a good 
soil for growing agricultural plants has about 4596 
minerals, 596 organic matter, 2596 air, and 2596 
water. Plants that live in wetlands require more water 
and less air. Soils used as raw material for bricks 
need to be completely free of organic matter. 


The Five Soil Forming Factors 


The properties of a soil at any given time are the 
outcome of Five Soil Forming Factors. They are: 


1. Parent Material: The material from which 
the soil is formed determines many of its 
properties. The parent material of a soil 
may be bedrock, organic material, 
construction material, or loose soil 
material deposited by wind, water, 
glaciers, volcanoes, or moved down a 
slope by gravity, 

2. Climate: Heat, rain, ice, snow, wind, 
sunshine, and other environmental forces 
break down parent material, move loose 
soil material, determine the animals and 
plants able to survive at a location, and 
affect the rates of soil forming processes 
and the resulting soil properties. 

3. Organisms: The soil is home to large 
numbers of plants, animals, and 
microorganisms. The physical and 
chemical properties of a soil determine the 
type and number of organisms that can 
survive and thrive in that soil. Organisms 
Shape the soil they live in. For example, 
the growth of roots and the movement of 
animals and microorganisms shift 
materials and chemicals around in the soil 
profile. The dead remains of soil 

organisms become organic matter that 
enriches the soil with carbon and 
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nutrients. Animals and microorganisms 
living in the soil control the rates of 
decomposition for organic and waste 
materials. Organisms in the soil Contribute 
to the exchange of gases such as carbon 
dioxide, oxygen, and nitrogen between the 
soil and the atmosphere. They also help 
the soil filter impurities in water. Human 
actions transform the soil as well, as we 
farm, build, dam, dig, process, transport, 
and dispose of waste. 

4. Topography: The location of a soil оп a 
landscape also affects its formation and its 
resulting properties. For example, soils at 
the bottom of a hill will get more water 
than soils on the hillside, and soils on 
slopes that get direct sunlight will be drier 
than soils on slopes that do not. 

5. Time: The amount of time the 
combinations of factors listed above have 
been interacting with each other affects 
the properties of the soil. Some properties, 
such as temperature and moisture content, 
change quickly, often over minutes and 
hours. Others, such as mineral changes, 
occur very slowly over hundreds or 
thousands of years. Figure Soil-I-1 lists 
different soil properties and the time it 
takes for them to change. 


Soil Profiles 

The five soil-forming factors differ from place to 
place causing soil properties to vary from eh 
location to another. Each segment of soil ba 
landscape has a unique character. A е: 
Section of any one segment is called a soil prof 5 
When we look closely at the properties of a so! 
profile and consider the five soil forming € 
the story of the soil at that site and the formatio 

of the area is revealed. 


The chapters of the soil story are read in the x 
of the soil profile. These layers ms ER few 
horizons. Soil horizons can be as thin a5 à ua 
millimeters or thicker than a meter. PA 
horizons are identified by the properties bove 
contain that are different from the horizons e 
and below them. Some soil horizons ate Oe 
as a result of the weathering of ae uk 
decomposition of organic materials thà 
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Soil Properties That Change Over Time 


Properties that change over 
minutes or hours 


Properties that change 
over months or years 


Properties that change over 
hundreds and thousands of 
years 


Temperature Soil pH 

Moisture content Soil color 

Local composition of air Soil structure 
Bulk density 


Soil fertility 


plants 


== 


Soil organic matter 


Microorganisms, animals, 


ILE 


Mineral content 

Particle size distribution 
Horizons 

Particle density 


down the soil profile over time. This movement, 
called illuviation, influences the horizon's 
composition and properties. Other horizons may 
be formed by the disturbance of the soil profile 
from erosion, deposition, or biological activity. 
Soils may also have been altered by human activity. 
For example, builders compact soil, change its 
composition, move soil from one location to 
another, or replace horizons in a different order 
from their original formation. 


Figure SOIL-I-2: Soil Profile 


— 
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Moisture in the Soil 


Moisture plays a major role in the chemical, 
biological and physical activities that take place 
in the soil. Chemically, moisture transports 
substances through the profile. This affects soil 
properties such as color and texture. Biologically, 
moisture determines the types of plants that grow 
in the soil and affects the way the roots are 
distributed. For example, in desert areas where 
soils are dry, plants such as cacti must store water 
or send roots deep into the soil to tap water buried 
tens of meters below the surface. Plants in tropical 
regions have many of their roots near the surface 
where organic material stores much of the water 
and nutrients the plants need. Agricultural plants 
grow best in soils where water occupies 
approximately one-fourth of the soil volume as 
vapor, liquid or ice. Physically, soil moisture is 
part of the hydrologic cycle. Water falls on the 
soil surface as precipitation. This water seeps 
down into the soil in a process called infiltration. 
After water infiltrates the soil, it is stored in the 
horizons, taken up by plants, moved upward by 
evaporation, or moved downward into the 
underlying bedrock to become ground water. The 
amount of moisture contained in a soil can change 
rapidly, sometimes increasing within minutes or 
hours. In contrast, it might take weeks or months 
for soils to dry out. If a soil horizon is compacted, 
has very small pore spaces, or is saturated with 
water, infiltration will occur slowly, increasing the 
tial for flooding in an area. If the water 


poten i 
cannot move down into the soil fast enough, it 
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will flow over the surface as runoff and may rapidly 
end up in streams or other water bodies. When 
the soil is not covered by vegetation and the slope 
of the land is steep, water erosion occurs. Deep 
scars are formed in the landscape as a result of 
the combined force of the runoff water and soil 
particles flowing over the surface. When a soil 
horizon is dry, or has large pore spaces that are 
similar in size to the horizon above, water will 
infiltrate the horizon quickly. If the soil gets too 
dry and is not covered by vegetation, wind erosion 
may occur. 


Soil Temperature 


The temperature of a soil can change quickly. Near 
the surface, it changes almost as quickly as the air 
temperature changes, but because soil is denser 
than air, its temperature variations are less. Daily 
and annual cycles of soil temperature can be 
measured. During a typical day, the soil is cool in 
the morning, warms during the afternoon, and 
then cools down again at night. Over the course 
of the year, the soil warms up or cools down with 
the seasons. Because soil temperature changes 
more slowly than air temperature, it acts as an 
insulator, protecting soil organisms from the 
extremes of atmospheric temperature variations, 
In temperate regions, the surface soil may freeze 
in winter and thaw in the spring, while in some 
colder climates, a permanent layer of ice, called 
permafrost, is found below the soil surface. In 
either case, the ground never freezes below a 
certain depth. The overlying soil acts as insulation 
so that the temperature of the deeper layers of 
soil is almost constant throughout the year. 
Temperature greatly affects the chemical and 
biological activity in the soil, Generally, the 
warmer the soil, the greater the biological activity 
of microorganisms living in the soil. 
Microorganisms in warm tropical soils break down 
organic materials much faster than 
microorganisms in cold climate soils. Near the 
surface, the temperature and moisture of the soil 
affect the atmosphere as heat and water vapor are 
exchanged between the land and the air. These 
effects are smaller than those at the surfaces of 
oceans, seas, and large lakes, but can significantly 
influence local weather conditions. Hurricanes 
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have been found to intensify when they pass Over 
soil that is saturated with water. Meteorologist 
have found that their forecasts can be improved 
if they factor soil temperature and moisture into 
their calculations. 


Soils Around the World 


Following are examples of six different soil profiles 
and landscapes. See Figures SOIL-[-4 through 1-9, 
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Figure SOILI-3 


Air and Soil Temperatures for one week: 


35 


Temperature (degrees C): 


* Soil 50 cm (С) « Soil 10 cm (C): 


5i 
= Soil 5 cm (C)! • Air (C): 


0i - = 


416/012 4/6/01 4/7/01. 4/7/01 4/8/01: 4/8/04. 4/9/01 4/9/0414/10/01 4/10/01.4/1 1/01 54/11/01 4/12/01 4/12/01 4/13/01 (4/13/01 04/14/01 L 
0:00. 12:00, 0:001 12:00. 0:001 12:00: 0:00: 12:000 0:000 12:00: 0:000 12:000 0:000 12:000 0:000 12:000 0:00; 


Date and Time: 
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Figure SOIL-I-4: Grassland soils sampled in the southern part of Texas in the USA 
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These soils are common in the mid-western USA, and in the 

grasslands of Argentina and Ukraine They are usually deep and 

dark in color, and are among the bc 
g 


soils for growing crops, 
Their dark color is caused by many years of grass roots dying, 
decomposing, and building up the organic matter content that 


allows the soil to hold the water and nutrients needed for 
excellent plant growth 


Figure SOIL-I-5: Soil formed under a forest in far eastern Russia, near the city of Magadan 


Y wz ы 


і 
Most of the organic matter in this soil comes from the leaves p 
coniferous trees that die and decompose near the mr t leach 
decomposed organic matter mixes with rain, acids n 
Temove, materials from the top horizons of the soil. The h іа remot 
see below the dark surface layer was caused by organic al 1 ye | 
the nutrients, organics, clays, iron, and other materials n и ® 
left behind soil particles that are only mineral in composition. | 


shed Ir 
К ۴ ere leac 
horizon is a dark horizon that contains materials that W "ved thet 


thet 
| : deposited ^ 
his horizon has a dark color because of the organic matter | Pel | 
«ag 2 velles 
articles creating 4) A 
: his site, the P 7 
r time, 9" 


the horizon above and de 


posited or illuviated. Т 
The next horizon has a red 


he soi 
i t n o above and coating 
Yorizon below his one h E ў the horizon abc e 


: $ ypes of iron oxides coating the inorganic soil p 
color. The lowest horizon i : riginal E urat g n : Ба ТИ 
material is a sandy deposit э eria! trom which the sc 


Ч izon, but ove 
: “time, the whole soil looked like this bottom horizon, 
forming processes changed its properties, с 
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Figure SOIL-I-6: A tropical environment in Northern Queensland, Australia 


Notice the bright red colors and the depth to which the soil is 
uniform. It is very difficult to distinguish unique horizons. Hot 
temperatures and lots of rain help to form weathered soils like 
this. In tropical climates, organic matter decomposes very quickly 
and transforms into inactive material that binds with clay. Most of 
the nutrients have been leached from this soil by intense rainfall. 
Left behind are weathered minerals coated by iron oxides giving 
the soil its bright red color. 


7: Soil form 
cn 


The “hummocky” or wavy surface of this soil is caused by freezing and thawing of water stored in the soil year after 
The black zones indicate places where organic materials have accumulated during freezing and thawing ps 
Wc of freezing and thawing and churning of the soil is called cryoturbation. This soil is o "x а 
Calle J slight indications of horizons that can be seen by faint color differences. At the se o i de c ж 
year, ie Which consists of ice, soil, or a mixture of both. The permafrost layer stays below 0 У 8 : 

e dark, thick organic material in this soil accumulates because decomposition is very slow in cold climates. 
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Figure 5011-1-8: Soil formed under very dry or arid conditions in New Mexico, USA 


A light brown horizon at the surface is often found in environments 
where organic matter is limited High amounts of organic matter 
form dark soils. In dry places, organic matter is not returned to 
the soil because very little vegetation grows there. When rainfall 
does occur in this envi ronment, the sandy texture of the soils allow 
materials to be carried downward into the lower horizons of the 
profile. The white streaks near the bottom of this profile are formed 
from deposits of calcium carbonate that can become very hard as 
they accumulate over time 


Figure SOIL-I-9: Wet soil sampled in Louisiana, USA 


Wet soils are found in many parts of the world. The surface 
horizon is usually dark because organic matter accumulates 
when the soil is saturated with water. When these 
conditions occur, there is not enough oxygen for organisms 
to decompose the organic material. Colors of the lower 
horizon are usually grayish. Sometimes, as in this picture, 
the gray soil color has orange or brown streaks within it, 
which are called mottles. The gray colors indicate that i 
Soil was wet for a long period of time, while the A 
show us where some oxygen was present in the soil. 


| 
Dr: John Kimble and Sharon Waltman of the USDA eas Lincoln 
Resources Conservation Service, National Soil Survey 
Nebraska provided the Photographs shown here. 
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GLOBE Measurements 


What measurements are taken? 

GLOBE advocates two sets of soil measurements. 
The first set, known as the Soil Characterization, 
describes the physical and chemical characteristics 
of each horizon in a soil profile. Some Soil 
Characterization measurements are carried out in 
the field, while others are done in a laboratory or 
classroom. Soil Characterization measurements are 
carried out one time for an identified site. The 
second set, known as Soil Moisture and 
Temperature, measures the water and temperature 
properties of soil at specified depths. These 
measurements are carried out repeatedly and 
compared to air temperature and precipitation, 
measurements of the Atmosphere Investigation. 


Soil Characterization Measurements 
Carried Out in the Field 
* Site Description 
* Horizon Depths 
* Soil Structure 
* Soil Color 
* Soil Consistence 
* Soil Texture 
* Roots 
* Rocks 
* Carbonates 
Carried out in the Classroom or Lab* 
* Bulk Density 
* Particle Density 
Particle Size Distribution 
LI pH 
* Soil Fertility (N, P. К) 
Soil Moisture and Temperature 
easurements 
Carried out in the Field 
* Soil Temperature 


E 
Soil Moisture Monitoring 


С 1 
tried out in the Classroom or Lab* 
$ Gravimetric Soil Moisture 


* Lab 
Meas; 3 Я 
urements use samples collected in the field. 


Individual Measurements 
Soil Characterization 


At a soil site, horizons in a soil profile are 
distinguished from one another by differences in their 
Structure, color, consistence, texture, and the amount 
of roots, rocks, and free carbonates they contain. 
Laboratory or classroom analyses of bulk density, 
particle density, particle size distribution, pH, and 
soil fertility also reveal differences among horizons. 


Structure 


Structure refers to the natural shape of aggregates 
of soil particles, called peds, in the soil. The soil 
structure provides information about the size and 
shape of pore spaces in the soil through which 
water, heat, and air flow, and in which plant roots 
grow. Soil ped structure is described as granular, 
blocky, prismatic, columnar, or platy. If the soil lacks 
structure, it is described as either single-grained 
or massive. 


Color 

The color of soil is determined by the chemical 
coatings on soil particles, the amount of organic 
matter in the soil, and the moisture content of 
the soil. For example, soil color tends to be darker 
when organic matter is present. Minerals, such as 
iron, can create shades of red and yellow on the 
surface of soil particles. Soil in dry areas may 
appear white due to coatings of calcium carbonate 
on the soil particles. Soil color is also affected by 
moisture content. The amount of moisture 
contained in the soil depends on how long the 
soil has been freely draining or whether it is 
saturated with water. Typically, the greater the 
moisture content of a soil, the darker its color. 


Consistence 
Consistence describes the firmness of the 
individual peds and the degree to which they 
break apart. The terms used to describe soil 
consistence are loose, friable, firm, and extra-firm. 
A soil with firm consistence will be harder for 
roots, shovels, or plows to move through than a 
soil with a friable consistence. 


Texture 
The texture describes how a soil feels and is 
determined by the amounts of sand, silt, and clay 
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particles present in the soil sample. The soil 
texture influences how much water, heat, and 
nutrients will be stored in the soil profile. Human 
hands are sensitive to the difference in size of soil 
particles. Sand is the largest particle size group, and 
feels gritty. Silt is the next Particle size group, and 
feels smooth or floury. Clay is the smallest particle 
size group and feels sticky and is hard to squeeze. 
The actual amount of sand, silt, and clay size particles 
ina soil sample is called the particle size distribution 
and is measured in a laboratory or classroom. 


Roots 


An estimate of the roots in each horizon in a soil 
profile illustrates the depth to which roots go to 
obtain nutrients and water. The more roots found 


Figure 5011-1-10 


Sand 
2.00-0.05 mm 


Silt 
0.05-0.002 mm 


Clay 
<0.002 mm 


The relative (not the actual) size of sand, silt, and clay Particles. 


Toots in each horizon allows scientists to estimate 
the soil's fertility, 


Capacity, and its 


whereas a Porous horizon will not. 
Rocks 


chemical and physical reactions. 


Soil particles greater than 2 mm in size gy 
considered to be rocks. ; 


Carbonates 


Carbonates of calcium or other elements accumulate 
in areas where there is little weathering from Water. 
The presence of carbonates in soil may indicate ; 
dry climate or a particular type of parent Materia] 
rich in calcium, such as limestone. Free carbonates 
often coat soil particles in soils that are basic (i.e, 
pH greater than 7). These soils are common in arid 
or semi-arid climates. Carbonates are usually white 
in color and can be scratched easily witha 
fingernail. Sometimes in dry climates, carbonates 
form a hard and dense horizon similar to cement, 
and plant roots cannot grow through it. To test for 
carbonates, an acid, such as vinegar, is squirted on 
the soil. If carbonates are present, there will bea 
chemical reaction between the vinegar (an acid) and 
the carbonates (a base) to produce carbon dioxide. 
When carbon dioxide is produced, the vinegar 
bubbles or effervesces. The more carbonates present, 


the more bubbles or effervescence occurs. 


Bulk Density 


Soil bulk density is a measure of how tightly packed 
or dense the soil is and is measured by the mass of 
dry soil in a unit of volume (g/cm?). Soil bul 
density depends on the composition of the soil 
Structure of the soil peds, the distribution of th 
sand, silt, and clay particles, the volume of por 
space, and how tightly the particles are packed. Soi 
made of minerals (sand, silt, and clay) will have 
different bulk density than soils made of organi 
material. In general, the bulk density of soils range 
from 0.5 g/cm? in soils with many spaces, to as hig 
as 2.0 g/cm? or greater in very compact miner 
horizons, 


Knowing the bulk density of a soil is ay 2 
many reasons. Bulk density indicates how ү d 
Soil particles are packed and the ease ous 
roots can grow through soil horizons. Bulk de and 
is also used when converting between | эш 
volume for a soil sample. If the mass ofa ы; = the 
is known, its volume is calculated by ai the 
sample mass by the bulk density of the so! diss is 
volume of a soil sample is known, pA y 
calculated by multiplying the sample vo 

the bulk density of the soil. 
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Particle Density 

The particle density of a soil sample is the mass of 
dry soil in a particular volume of the soil when all 
of the air spaces have been removed. The type of 
minerals the soil particles are made of affects the 
particle density. Soils consisting of pure quartz 
particles generally have a particle density of 2.65 
g/cm’. Soils consisting of particles made of 
minerals other than quartz will have a different 
mass for the same volume of particles. By knowing 
both the particle density and the bulk density, the 
porosity (the proportion of the soil volume that is 
pore space) can be calculated. Porosity establishes 
the amount of air or water that can be stored or 
moved through the soil. 


Particle Size Distribution 


The proportion of each particle size group (sand, 
silt, or clay) in the soil is called the soil particle- 
size distribution. Sand is the largest soil particle, 
silt is intermediate in size, and clay is the smallest. 
The particle-size distribution of a soil sample 
determines its exact textural class (which is 
"estimated" in the field by doing the Soil Texture 
Protocol). It also helps determine how much water, 
heat, and nutrients the soil will hold, how fast 
Water and heat will move through the soil, and 
the structure and consistence of the soil. 


The amount of sand, silt, and clay ina soil sample 
is determined by a settling method using an 


instrument called a hydrometer. A dried sample of 
soil is suspended in water and allowed to settle. 
The largest particles (sand) settle out in minutes 
while the smallest particles (clay) stay suspended 
for days. A hydrometer is used to measure the 
specific gravity of the soil suspension after settling 
has proceeded for specific amounts of time. See 
Figure SOIL-I-11. 


pH 

The pH ofa soil horizon (how acidic or basic the 
soil is) is determined by the parent material from 
which the soil is formed, the chemical nature of 
the rain or other water entering the soil, land 
management practices, and the activities of 
organisms (plants, animals, and microorganisms) 
living in the soil. Just like the pH of water, the pH 
of soil is measured on a logarithmic scale (see the 
Introduction of the Hydrology Investigation for a 
description of pH). Soil pH is an indication of the 
soils chemistry and fertility. The activity of the 
chemical substances in the soil affect the pH levels. 
Different plants grow at different pH values. 
Farmers sometimes add materials to the soil to 
change its pH depending on the types of plants 
they want to grow. The pH of the soil also affects 
the pH of ground water or nearby water bodies 
such as streams or lakes. 


SOIL-I-11: A Comparison of Bulk Density and Particle Density 


Mixture of 
air, water, 


minerals and 
organic matter 


Volume 
for Particle 
Density 


Solids 


Bulk Density is а 


measure of the mass of all the solids in a unit volume of soil including all the pore space filled 


du and water. If the volume were compressed so that there were no pore spaces left for air or water, the mass 
£ particles divided by the volume they occupy would be the particle density. 
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Fertility 

The fertility ofa soil is determined by the amount 
of nutrients it contains. Nitrogen (N), phosphorus 
(P), and potassium (K) are three of the most 
important nutrients needed by plants for optimum 
plant growth. Each horizon in a soil profile can 
be tested for the presence of these nutrients. The 
results of these measurements help to determine 
the suitability ofa soil for growing plants. Soil fertility 
can be related to water chemistry measurements 
carried out in the Hydrology Investigation, 


Soil Moisture 


Soil moisture, also known as Soil Water Content 
(SWO), is a ratio of the mass of water contained 
in a soil sample to the mass of dry matter in that 
sample. This ratio typically ranges from 0.05 gg 
to 0.50 g/g. Only extremely dry soils that retain a 
small amount of water, such as those in a desert, 
have values below 0.05 8/g. Only organic-rich 
Soils, peat or some clays absorb large amounts of 
water and have values above 0.50 g/g. The soil 
Moisture measurement helps to define the role of 
the soil in the surrounding ecosystem. For 
example, soil moisture measurements reveal the 
ability of the soil to hold or transmit water, 
affecting groundwater recharge, surface runoff, 
and transpiration and evaporation of water into 
the atmosphere. It also describes the ability of the 
soil to provide nutrients and water to plants, 
affecting their growth and survival, 


Soil Temperature 


Soil acts as an insulator for heat flowing between 
the material below the soil and the atmosphere. 
Thus, soil temperatures can be relatively cool in 
the summer or relatively warm in the winter. These 
Soil temperature variations affect plant growth, the 
timing of bud-burst or leaf fall, and the rate of 
decomposition of organic materials. 


Soil temperatures typically have a smaller daily 
range than air temperatures and deeper soil 


summer desert soils (warmer than the maximum 
air temperature!) to values below freezing in high 
latitude or high elevation soils in the winter. 


Soil Study Site Selection 


Soil study sites for carrying out soil characterization 
measurements and soil moisture and temperature 
measurements should be carefully selected, 


For soil characterization measurements, a Site 
should be considered that allows students to diga 
hole with either a shovel or an auger. The purpose 
is to expose a soil profile that is one meter deep, If 
this is not possible, students have the Option to 
sample the top 10 cm of the soil profile. 


For soil moisture measurements, a site that is open 
should be considered. The site must not be 
irrigated, should have uniform soil characteristics, 
be relatively undisturbed, and be safe for digging 
Soil moisture samples are collected from the surface 
(0-5 cm) and 10 cm depths, Samples may also be 
collected at depths of 30 cm, 60 cm, and 90 cm to 
obtain a depth profile. If possible, the site should 
be within 100 m of a GLOBE Atmosphere Study 
Site or other location where precipitation 
measurements are being collected. 


For soil temperature measurements, a site should 
be selected that is adjacent to a GLOBE Atmosphere 
Study site, or some other location where ait 
temperature measurements are taken. Alternatively, 
soil temperature can be measured at a soil moisture 
study site. The site should be in the open and 
representative of the soils in the area. Soil 
temperature measurements are made at depths of 
5 and 10 cm with all protocols and also at 50 cm 
with monitoring protocols. 


Site Description 


After students have selected a site lor t an 
measurements, they use the following rie 
factors to define and describe the location mi d 
to study: latitude and longitude (using GPS receive E 
elevation, slope, aspect (the direction of the e 
slope), type of vegetation covering the soil, m 
material, current land use practices, and the PS 
of the soil on the landscape. The students dels other 
Some of these properties at the site, whi i. pi 
Properties are established using local resource 

as maps, soil survey reports, and local exper 


heir soil 


Frequency of Measurements 


i bi 
Soil characterization measurements d y Site 
out one time for a Soil Characterization 


e carried 
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To help in understanding the global picture of soil 
moisture, GLOBES highest priority is soil moisture 
measurements carried out during two primary 
collection campaigns each spring and fall. 


To study local changes, soil moisture 
measurements should be taken twelve or more 
times per year for the same site at weekly or 
monthly intervals. With soil moisture sensors, 
measurements should be taken daily or more 


frequently. 


Soil temperature measurements are carried out at 
least once each week. Many schools take daily soil 
temperature measurements at the same time they 
collect daily atmospheric data. The Digital 
Maximum/Minimum Air and Soil Temperature 
Protocol provides for daily measurement of the 
maximum and minimum soil temperatures from 
a depth of 10 cm. Optional protocols are available 
for measuring daily maximum and minimum soil 
temperatures at 5 cm and 50 cm depths and for 
collecting soil and air temperature automatically 
every 15 minutes using a data logger. 


Field Considerations 


Many teachers find that their students take great 
pride and satisfaction in digging a soil pit to expose 
a soil profile. Occasionally, adult volunteers are 
needed to assist, or someone in the area with a 
backhoe can be asked to help out. When digging, 
all necessary precautions should be taken to avoid 
buried utilities, To keep the hole from being a 
hazard to both people and animals, the pit should 

© open only while students are conducting their 
observations, It should be kept covered when the 
Class is not working in it. 


Managing Students 


ds on the size of the soil pit and the 
ШШ : students, it might be possible to work 
ds Pit as a class. In other cases, it is beuer to 
Soups of 3-5 students into the pit at a time. 

E [s 1 strategies for using multiple groups 
d Eae data from different horizons 
expect the oj "ше samples. Teachers should 
sampling е Characterization measurements and 
teachers аа to take several hours. Some 
repeated Dow to сапу out the measurements on 
S. Experts in Soil Science from local 


Universities, the USDA Natural Resources 
Conservation Service, and other agricultural 
agencies can provide assistance with digging, 
describing the site, and characterizing the soil. 


Soil moisture samples should be collected from 
as large an area around a school as possible during 
the two target weeks. This allows all students (and 
Parents) to participate. The class should decide 
upon a sample collection strategy and review the 
Proper procedures to be used for data collection. 
Teams of students and parents can work together 
to collect site descriptions, GPS coordinates, near- 
surface gravimetric samples, and any other 
GLOBE data that interests the class, Other groups 
of students can be responsible for weighing the 
wet soil as soon after sample collection as possible 
and then beginning the drying process. It might 
be useful to contact and work with soil scientists 
from local colleges, the USDA Natural Resource 
Conservation Service and other agencies to help 
dry samples. Generally, a team of two or three 
students is appropriate for taking soil moisture 
samples or manually reading soil moisture sensors. 


Soil temperature measurements are best made by 
small teams (2-3 students per team) ona daily or 
weekly schedule. One successful strategy is to have 
one experienced student helping a less 
experienced student, who later becomes the 
mentor to new team members. It takes 10-20 
minutes for a team to collect a full set of 
measurements. 


Combining the Measurements 


In the GLOBE Soil Investigation, students study 
both the soil properties that change very slowly 
(soil characterization), and those that change 
rapidly (soil temperature and moisture). Without 
knowing the slowly changing properties of the 
soil profile, it is difficult to understand the 
dynamic moisture and temperature changes that 
occur. In the same way, the patterns in moisture 
and temperature in the soil over time, affect the 
formation of the soil. Teachers are encouraged to 
combine soil characterization measurements with 
soil temperature and moisture measurements so 
that students gain a true understanding of the way 
the pedosphere functions and affects the rest of 


the ecosystem. 
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Earth and Space Science 
Concepts 

[— | 
Earth materials are solid rocks, 
soil, water, biota, and the gases a a a a 
of the atmosphere. fox 18 4 
Soils consist of weathered rocks н | m н н 1 
and decomposed organic material. | al 8 ү 4 
Soil have properties of color, 
texture and composition; they a E E 5 п P] п = н " 
support the growth 
of many types of plants. a p 220 
The surface of the Earth changes. lis "_ a ll a п в} | m" 
Soils consist of rocks and minerals 
less than 2 mm, organic material, LI 
air and water. - Jin 4 | 
Water circulates through soil " " a a " 
changing its properties. ai d | 
Physical Science Concepts 
Objects have observable н " п н п 


properties. 


Energy is conserved. 


+; 


Heat moves from warmer 
to colder objects. 


Chemical reactions take place in 
every part of the environment, 


Life Science Concepts 


Atoms and molecules Cycle 


among the living and nonliving и 
components of the ecosystem. 
L 
Scientific Inquiry Abilities 
Identify answerable questions. н н m W , 
Design and conduct | p 
an investigation, n zi d = 1 
Use appropriate mathematics | Г ш 
to analyze data, н a = E 
Develop descriptions and mj a , 
explanations using evidence, 2 н г) є: 
Communicate procedures Г , 
and explanations, н Li x а e E 
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) Educational Objectives 

Students participating in the activities presented 
in this chapter should gain scientific inquiry 
abilities and understanding of a number of 
scientific concepts. These abilities include the use 
ofa variety of specific instruments and techniques 
to take measurements and analyze the resulting 
data along with general approaches to inquiry. 
The Scientific Inquiry Abilities listed in the grey 
box are based on the assumption that the teacher 
has completed the protocol including the Looking 
At the Data section. If this section is not used, 
not all of the Inquiry Abilities will be covered. 
The Science Concepts included are outlined in 
the United States National Science Education 
Standards as recommended by the US National 
Research Council and include those for Earth and 
Space Science and Physical Science. The 
Geography Concepts are taken from the National 
Geography Standards prepared by the National 
Education Standards Project. Additional 
Enrichment Concepts specific to the atmosphere 

| Measurements have been included as well. The 
gray box at the beginning of each protocol or 
learning activity gives the key scientific concepts 
and scientific inquiry abilities covered. The 
following tables provide a summary indicating 
Which concepts and abilities are covered in which 
protocols or learning activities. 
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Selecting, Exposing and Describing a Soil Characterization Site 
Students will use a technique chosen by their teacher to expose a soil 
profile for characterization. 


Soil Characterization Protocol 


Students will identify horizons in a soil profile, observe the structure, color, 
consistence, texture, and the presence of rocks, roots, and carbonates of 
each horizon, and take samples for use in laboratory characterization 
protocols. 


Soil Temperature Protocol 
Students will measure near-surface soil temperature frequently near local 
Solar noon and seasonally throughout two diurnal cycles. 


Gravimetric Soil Moisture Protocol 
Students will measure soil water content by comparing the wet and dry 
masses of samples. 


Bulk Density Protocol 
Students will measure the mass of a dry soil sample of known volume. 


Soil Particle Density Protocol , 
Students will measure the volume of a known mass of dry soil particles 
and calculate their density. 


Particle Size Distribution Protocol 
Students will suspend a known mass of dry soil in water and measure the Specific 
gravity of the suspension after sand and then silt have settled out of the Suspension, 


Soil pH Protocol 

Students will prepare a one-to-one mixture of dry soil and distilled water and then 
measure the pH of the liquid left after most of the soil has settled to the bottom of the 
mixture. 


Soil Fertility Protocol 

Students will use a GLOBE Soil Fertility Kit to prepare samples and determine whether 
nitrate, phosphate, and potassium are absent from a soil sample or present in low, 
medium or high concentrations. 


Digital Multi-Day Max/Min/Current Air and Soil Temperature Protocol (see 
Atmosphere Chapter) 

Students will use a digital multi-day maximum/minimum thermometer mounted in 
their instrument shelter to measure the maximum and minimum air and soil 
temperatures for up to six previous 24-hour periods. 


Optional Digital Multi-Day Soil Temperatures Protocol * 
Students will use a second copy of a digital multi-day maximum/minimum 
thermometer mounted in their instrument shelter to measure the maximum and 


minimum soil temperatures at 5 cm and 50 cm depths for up to six previous 24-hour 
periods. 


Optional Automated Soil and Air Temperature Monitoring Protocol * 


Students will use four temperature probes and a data logger to measure air 


temperature and soil temperatures at depths of 5 cm, 10 cm, and 50 cm every 15 
minutes, 


Optional Soil Moisture Sensor Protocol * 


Students will develop a calibration curve and use it to determine soil water content at 


depths of 10 cm, 30 cm, 60 cm, and 90 cm from meter readings of four soil moisture 
sensor blocks. 


Optional Water Infiltration Protocol * 


Students will use a dual ting infiltrometer that they can construct from large food 


container cans to measure the rate at which water soaks into the soil during à roughly 
45-minute period. 


Optional Davis Soil Moisture and Temperature Station Protocol * 

Students install soil moisture sensors and temperature probes and connect them b 
Davis Soil Moisture and Temperature Station. Data are logged every 15 minutes a" 
Periodically students transfer these data to a computer and report them to GLOBE. 


See the full e-guide version of the Teacher's Guide available on the GLOBE Web site and CD-ROM: 
soil 
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A. Selecting a Soil 
Characterization Site 


Soil characterization measurements are taken for 
different reasons, including, 
* supporting the interpretation of soil 
moisture and temperature measurements; 
* complementing and extending land cover 
mapping; and 
* developing soil maps of a region. 


For GLOBE, most schools focus on the first of 
these objectives, and for this a teacher must choose 
a site that is close to the school’s Soil Moisture 
Study Site or to their Atmosphere Study Site where 
students are measuring soil temperature. These 
sites may be collocated. If students will be doing 
the Soil Characterization Protocol together with the 
Land Cover Site Protocol, then a place should be 
chosen within the Land Cover Site that is 
representative of the site and where students can 
dig with minimum disturbance to the site and its 
| long-lived vegetation (e.g., trees and perennial 
| Shrubs). If students will be developing a soil map 
of their region (e.g., watershed) or their GLOBE 
Study Site, sites should be chosen that represent 
different soil formation situations. For instance, 
ا‎ Ho sample soil at the top, side, 
ee an a € or next to a stream or lake 
Cate e both sides of the water body. 
du uem о ‘Soil characteristics from two or 
leet Py sites can provide the basis for 
5 Inquiry or student research projects. 
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No matter which site location is chosen, the 
following steps should be considered: 


1. The site needs to be safe for digging. 
Teachers and students should check with 
local utility companies and school 
maintenance staff to be sure that they do 
not dig into or disturb utility cables, water, 
sewer, or natural gas pipes, or sprinkler 
irrigation systems. 

2. A site should be chosen that looks similar 
to the rest of the landscape and, if 
possible, is covered with natural 
vegetation. Lawns or other managed 
landscapes are acceptable if this is the 
cover that is located at the atmosphere and 
soil moisture and temperature 
measurement sites. 

3. The site chosen should be relatively 
undisturbed. It should be at least 3 meters 
from buildings, roads, paths, playing 
fields, or other places where soils may 
have been compacted or disturbed by 
construction. 

4. The site should be oriented so that the sun 
shines on the soil profile at the time 
students carry out the soil characterization 
measurements to ensure the soil 
characteristics are clear for both naked-eye 
observations and photography. In some 
cases, sites are chosen where sunlight does 
not strike the soil profile (e.g., existing 
exposed profiles or pits dug under tree 
canopies). In these cases, students will 
need to take samples to a place where 
there is sunlight to determine the soil 


color. 


Soil 
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B. Exposing the Profile of 
a Soil Characterization 
Site 


There are three options for exposing the soil at a 
Soil Characterization Site: 


1. Pit Method: Students dig a soil pit 
approximately 1 meter deep (or until an 
impenetrable layer is reached) and as big 
around as is necessary to easily observe all 
of the soil horizons from the bottom to the 
top of the pit (approximately 1.5 x 1.5 m 
wide). In some situations, students may be 
able to perform the soil characterization 
measurements at a site where the soil 
profile has already been exposed through 
human or natural action (e.g., a road cut 
or the side of a ravine). In these instances, 
teachers need to make sure that the site is 
safe for students and there is no objection 
to them scraping the surface soil away to 
expose a fresh soil face. 

2. Auger Method: Students use a soil auger 
or probe to remove soil samples to a depth 
of 1 meter. 

3. Near Surface Method: Students use a 
garden trowel or shovel to remove soil 
samples. Students dig to a depth of at least 
10 cm. If deeper digging is possible, 
students should dig up to 1 meter. 

Note: Some steps of the Soil Characterization Field 
Measurement Protocol vary depending upon which 
method students chose to expose their site. 


C. Defining a Soil 
Characterization Site 


After students have selected and exposed a soil 
characterization site, they define the site according 
to a number of factors. They record their 
descriptions in their GLOBE Science Notebooks 
and onto the Soil Characterization Site Definition 
Sheet. This information is important for students 
and scientists to understand the way the Earth 
system is functioning at that location. The 
following factors are defined: 


Latitude, Longitude and Elevation: The location 
of the site is determined according to lines of 
latitude and longitude and elevation above sea 
level. These coordinates are established using a 
Global Positioning System (GPS) receiver. 


Aspect: The aspect is the direction of the steepest 
slope across the exposed soil site. This information 
indicates how the sun will influence soil 
properties. In the Northern Hemisphere, south 
facing slopes face the sun and tend to be drier 
and more weathered, while north facing slopes 
tend to be cooler. The opposite relationship occurs 
in the Southern Hemisphere. 


Site Exposure Method: The approach used by 
students to expose and study the soil is identified 
as the pit method, auger method or near surface 
method. 


Site Location: Soil characterization data i$ 
important for interpreting soil moisture КҮ 
temperature measurements, ашо 
measurements and land cover measurements. T e 
location of the soil characterization site € 
to these other measurement sites needs t0 е 
defined so that data collected for these 
measurements can be correlated. 

landscape 


Landscape Position and Slope: T dat the 


position describes the contours of the ibes the 
soil characterization site. The slope нет. andis 
angle at which the land of the site is ang! "dicat 
measured in degrees. These descriptor? ec soi 
the processes and inputs that helped (or ation 
at the site. For example, this inia e 
determines whether the soil was form 


: ther 
ч ish whe 
erosion or deposition. It can also establ 
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rain falling on the site will run-off, settle into a 
pond, or infiltrate into the ground. 


Cover Type: Cover type is a description of the 
matter on the surface of the soil. If nothing is 
covering the soil then it is described as bare soil. 
Otherwise, the matter covering the soil can be 
described as rocks, grass, shrubs, trees or other. 


Parent Material: The matter from which the soil 
develops is called the parent material. Identifying 
the parent material of the soil helps to interpret 
its texture, mineralogy, weathering rate, and 
fertility. 

Land Use: The manner in which the land is used 
at the soil site can be defined as urban, 
agricultural, recreational, wilderness or other. 
Land use can have a formidable effect on soil 
formation and help to interpret and explain a soil's 
properties and development. 


Distance from Major Features and Other 
Distinguishing Characteristics of the Site: 
Other information or metadata about the site that 
does not fit into any of the above categories should 
also be recorded. 


Suggestions for Digging and Managing 
a Soil Characterization Site 
Pit Method 


Digging is much easier when the soil is 
Moist. If possible, plan digging shortly 
after a rain. 
As soil is removed from the pit, place it 
carefully in piles representing each of the 
natural layers as they occur in the profile. 
The removed soil can be put on a tarp to 
make clean up of the site easier. 
Cover piles of removed soil with plastic to 
Prevent them from eroding away. 
Request help from parents, school 
Personnel, students, or other volunteers. 
Contact a local USDA Natural Resources 
Conservation Service office (in the US), or 
other agricultural organization or 
у Мапу times, a soil scientist or 
EP Professional will be willing to assist 
the he eine а pit and helping describe 
acteristics of the soil profile. 


Surround the pit with a fence and mark it 
with flags to alert people to where it is. 

* Cover the pit with boards or some other 
material to keep animals or debris from 
falling in when it is not being used. 
When finished with the soil 
characterization measurements, the 
horizons need to be replaced into the soil 
pit in reverse order (last one out should be 
first one back in). 

Plan to plant a tree at the soil sampling 
site location. Once the pit for the tree has 
been dug, identify the horizons in the 
profile, conduct the soil characterization 
measurements, collect laboratory samples 
and then plant the tree in the soil pit. 


Auger Method 


* Identify an area where four auger holes 
can be dug and where the soil profiles are 
similar. 

A Dutch auger, as described in the Toolkit 
is best for most soil, especially for rocky, 
clayey, and dense soils. 

A sand auger is needed if the soil is very 
sandy in texture. In some places, the soil is 
mostly peat and a special peat auger 
should be used. 

A bucket auger may be better for dry, 
desert soils. 

Students need a horizontal surface (e.g., 
the ground) on which to display the 
vertical soil profile. 

Spread a plastic sheet, tarp, board, or 
other surface on the ground next to where 
the augur holes are dug for laying out the 
profile. 

A rain gutter trough, one meter in length, 
can be used to lay out the augered soil 
sample. This allows for the sample to be 
labeled, transported and stored. 

Assemble a profile of the top 1 meter of 
soil by removing successive samples from 
the ground with the auger and laying them 
end-to-end. 


Near Surface Method 
* Use this method if digging deeper is not 
possible. 


. 
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Questions for Guiding Students 


The following questions can be used to engage 
and guide students in selecting, exposing and 
defining their soil characterization site: 


Is the soil moist or dry, difficult or easy to dig, 
warm or cool? 


Can you distinguish differences in color or other 
soil properties as the soil is being removed? 


What is the parent material from which the soil 
was formed? Was it bedrock? If so, look for rocks 
on the surface to tell you something about the 
kind of rock. Could your soil have been deposited 
by water or wind, by a glacier or volcano? 


What are the types of plants and animals you 
might find in the soil and the general area around 
your site? Include small organisms in the soil such 
as earthworms or ants. 


Where in the landscape is your soil? Is it on a 
hilltop, slope, or bottom of a hill? Is it next to a 
stream or on a flat plain? On what kind of 
landform is it found? 


What is the general climate at your soil site? Is it 
sunny, shaded, hot, cold, moist, dry? 


What is the recent land use in this area? Has it 
been stable for a long time, or has it been plowed, 
its trees cut, used for construction, or undergone 
some other disturbance recently? 
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Questions for Further Investigation 


How has the history of this area (human 


activi 
affected this soil? D 
How has land cover affected this soil? 


How has local climate (micro climate) affected 
this soil? 


How has this soil affected local human history? 


How has location in the landscape influenced this 
soil? 


How would soils with different slopes differ from 
each other? 


How does aspect affect soil properties? 
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Soil Characterization Site Exposure — 
Pit Method 


Field Guide 


Task 


To dig a soil pit that exposes a soil profile for soil characterization measurements and to define the site 


What You Need 


Û Shovels, trowels, backhoe О Help with digging! 
or other digging implements 


Û Flags for marking the site Û Clinometer 


Û Fence, boards, or other protection 
to surround and cover a pit Û Local information about your site 
when not in use 


Q Plastic tarp to cover piles of soil Û Compass 


Q Soil Characterization Site Definition Sheet Ч GPS receiver 


Inthe Field 
Exposing the Soil Profile 
1. Identify a location where you can dig a soil pit. 


2. Dig the soil pit approximately 1 meter deep (or until a hard 

layer is reached). Make the pit as big around as is necessary 

| to easily observe all of the soil horizons from the bottom to 
| the top of the pit (approximately 1.5 m x 1.5 m). 


3. As soil is removed from the pit, place it carefully on a tarp in 


Piles representing each of the natural layers of the profile. 
The horizons need to be replaced in reverse order (last out, 
first in) once you are finished using the pit. Cover the pile of 


Soil with plastic to prevent the soil from blowing or washing 
away. 


B 


Surround the pit with a fence and mark it with flags to alert people of its location. 


сл 


‚ Cover the pit with boards or some other material to keep animals or debris from falling in 
When it is not being used. 
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Soil Characterization Site Exposure-Pit Method Field Guide - Page 2 


Defining the Soil Characterization Site | 
‚ Give the site a name or number (e.g., SCS-01). Record this on the Soil Characterization Site 
Definition Sheet. 
2. Measure the latitude, longitude, and elevation of the site using the GPS Protocol. Record this 
information on the Site Definition Sheet. 


Identify the steepest slope that crosses the area of exposed soil. 


p 


ed 


a. Two students (A and B) are needed whose eyes are at about the same height to measure 
the slope. One other student (C) is needed to be the "reader" and "recorder", 


b. Student A holds the clinometer and stands down slope while student B walks to the 
opposite side of the hole. Students A and B should be about 30 m apart (or as far apart as 
easily possible). Student C should stand next to student A. 


c. Looking through the clinometer, Student A sites the eye level of Student B. Student C reads 
the angle of slope on the clinometer in degrees, and records this 
reading on the Site Definition Sheet. 


4. Identify the aspect of the steepest slope: 
a. Face up the steepest slope across the exposed soil area. 


b. Hold the compass in your hand so that the red arrow is lined up 
with the North position on the compass. 


c. Read the number on the edge of the compass housing (which can 
range from 0 to 360). 


d. Record this value on the Site Definition Sheet. 
Record "Pit" as the method used to expose the soil profile. 
Record whether the site is on or off school grounds. 


Record a description of the site location. (Near the Soil Moisture Study 
Site, Near the Soil Moisture and Atmospheric Study Sites, Near the 
Atmosphere Study Site, In the Biology Study Site, Other) 

- Describe and record the position on the landscape where the site is found. (Summit, Side 
Slope, Depression, Large Flat Area, Streambank) 


B Des and record the cover type of the site (Bare Soil, Rocks, Grass, Shrubs, Trees, OF 
Other). 


. Describe and record the type of parent material from which the soil was formed at the 916 
(Bedrock, Organic Material, Construction Material, Marine, Lake, Stream, Wind, Glaciers, 
Volcanoes, or Loose materials on slope moved by gravity). 
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Describe and record the land use at the site (urban, agricultural, recreation, wilderness, ; 
12. Measure and record the distance (up to 50 m) of the site from major features (e-8-» у 
power poles, roads, etc.). 


13. Describe and record any other distinguishing characteristics of this site. 
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Soil Characterization Site Exposure — 
Auger Method 


Field Guide 


Task 


Use an auger to expose a soil profile for characterization measurements and define the site. 


What You Need 

Û Soil auger Û Meter Stick 

Û Clinometer ÛJ Local information about your site 

Û Compass О Plastic bags to lay out the soil profile 
О GPS receiver Û soil Characterization Site Definition Sheet 
In the Field 

Exposing the Soil Profile 


1. Identify a location where an auger can be used to expose a soil profile. 


2. Spread a plastic sheet, tarp, board, etc. on the ground next to where the 


first hole will be dug and where the sun will shine on the profile. کي کر‎ 


3. Remove the surface vegetation. 


4. Place the auger at the top of the soil and turn the auger one complete Кш 
revolution (360°) to dig into the ground. Do not turn the auger more 
than one complete circle (360^) to prevent the soil from being 
compacted. 
5. Remove the auger with the sample from the hole and hold the auger 
over the plastic sheet, etc. 


o 


Transfer the sample from the auger to the plastic sheet, etc. as gently 
as possible. Place the top of this sample just below the bottom of the 
previous sample. 


гч 


Measure the depth of the hole. Adjust the sample on the plastic bag, 
tarp, or board so that its bottom is no further from the top of the soil 
Profile than this depth. 


со 


M the depths at which there are differences in soil properties. 
his will help to determine the top and bottom depths of the 
Snzons for soil characterization.) 
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Soil Characterization Site Exposure-Auger Method Field Guide - Page 2 


Defining the Soil Characterization Site 

1. Give the site a name or number (e.g., SCS-01). Record this on the Soil Characterization Site 
Definition Sheet. 
Measure the latitude, longitude, and elevation of the site using the GPS Protocol. Record this 
information on the Site Definition Sheet. 


3 


3. Identify the steepest slope that crosses the area of exposed soil. 
a. Two students (A and B) are needed whose eyes are at about the same height to measure 
the slope. One other student (C) is needed to be the “reader” and "recorder". 


b. Student A holds the clinometer and stands down slope while student B walks to the 
opposite side of the hole. Students A and B should be about 30 m apart (or as far apart as 
easily possible). Student C should stand next to student A. 


c. Looking through the clinometer, Student A sites the eye level of Student B. Student C reads 
the angle of slope on the clinometer in degrees, and records this reading on the Site 
Definition Sheet. 


. Identify the aspect of the steepest slope: 


ES 


a. Face up the steepest slope across the exposed soil area. 


b. Hold the compass in your hand so that the red arrow is lined up 
with the North position on the compass. 


c. Read the number on the edge of the compass housing (which can 
range from 0 to 360). 


d. Record this value on the Site Definition Sheet. 
. Record "Auger" as the method used to expose the soil profile. 
Record whether the site is on or off school grounds. 


Record a description of the site location. (Near the Soil Moisture Study 
Site, Near the Soil Moisture and Atmospheric Study Sites, Near the 
Atmosphere Study Site, In the Biology Study Site, Other) 


Describe and record the position on the landscape where the site is found. (Summit, Side 
Slope, Depression, Large Flat Area, Streambank) 


. Describe and record the cover type of the site (Bare Soil, Rocks, Grass, Shrubs, Trees, OF 
Other). 


10. Describe and record the type of parent material from which the soil was formed at ie sn 
(Bedrock, Organic Material, Construction Material, Marine, Lake, Stream, Wind, Glaciers, 
Volcanoes, or Loose materials on slope moved by gravity). 
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‚ Describe and record the land use at the site (urban, agricultural, recreation, wilderness, i 


12. Measure and record the distance (up to.50 m) of the site from major features (e.g. buildingi 
power poles, roads, etc.). 


13. Describe and record any other distinguishing characteristics of this site. 


Soll 
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soil Characterization Site Exposure — 
Near Surface Method 


Field Guide 


Task 


Expose the top 10 cm of soil for soil characterization measurements and define the site. 


What You Need 

Û Meter Stick or metric ruler Û Clinometer 

Û Local information about your site Û Compass 

О GPS receiver Û soil Characterization Site Definition Sheet 
In the Field 


Exposing the Soil Profile 
1. Identify a location where the surface of the soil can 
be exposed. 
2. Remove the surface vegetation. 


3. Use a garden trowel or shovel to carefully remove the 
top 10 cm of soil from a small area and set it on the 
| ground. 


| ^. Treat this sample as a horizon. 


Défining the Soil Characterization Site 
1. Give the site a name or number (e.g., SCS-01). Record this on the Soil Characterization Site 

Definition Sheet. 

2. Measure the latitude, longitude, and elevation of the site using the GPS Protocol. Record this 
information on the Site Definition Sheet. 
3. Identify the steepest slope that crosses the area of exposed soil. 

a. Two students (A and B) are needed whose eyes are at about the same height to measure 
the slope. One other student (C) is needed to be the “reader” and “recorder”. 

b. Student A holds the clinometer and stands down slope while student B walks to the 
Opposite side of the hole. Students A and B should be about 30 m apart (or as far apart as 
easily possible). Student C should stand next to student A. 

С. Looking through the clinometer, Student A sites the eye level of Student B. Student C reads 


i the angle of slope on the clinometer in degrees, and records this reading on the Site 
9 Definition Sheet. 
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Soil Characterization Site Exposure-Near Surface Method Field Guide - Page 2 


4. Identify the aspect of the steepest slope: 
a. Face up the steepest slope across the exposed soil area. 


b. Hold the compass in your hand so that the red arrow is lined up 
with the North position on the compass. 


c. Read the number on the edge of the compass housing (which can 
range from 0 to 360). 


d. Record this value on the Site Definition Sheet. 
. Record "Near Surface” as the method used to expose the soil profile. 


au 


Record whether the site is on or off school grounds. 


м 


Record a description of the site location. (Near the Soil Moisture Study 
Site, Near the Soil Moisture and Atmospheric Study Sites, Near the 
Atmosphere Study Site, In the Biology Study Site, Other) 


@ 


Describe and record the position on the landscape where the site is found. (Summit, Side 
Slope, Depression, Large Flat Area, Streambank) 


9. Describe and record the cover type of the site (Bare Soil, Rocks, Grass, Shrubs, Trees, or 
Other). 

10. Describe and record the type of parent material from which the soil was formed at the site 
(Bedrock, Organic Material, Construction Material, Marine, Lake, Stream, Wind, Glaciers, 
Volcanoes, or Loose materials on slope moved by gravity). 

- Describe and record the land use at the site (urban, agricultural, recreation, wilderness, other) 


12. Measure and record the distance (up to 50 m) of the site from major features (e.g., buildings, 
power poles, roads, etc.). 


1 


= 


13. Describe and record any other distinguishing characteristics of this site. 
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Soil Characterization 


Protocol 


Purpose 

To characterize the physical and chemical 
properties for each horizon in a soil profile and 
prepare samples for further analysis 


Overview 

Students identify the horizons of a soil profile 
ata soil characterization site, then measure and 
record the top and bottom depth for each 
horizon. For each horizon, students describe 
| the structure, color, consistence, texture, and 
abundance of roots, rocks, and carbonates. 
Samples are collected and prepared for 
additional laboratory analysis. 


Student Outcomes 


Students will be able to carry out field methods 
for soil analysis, record field data, and prepare 
soil samples for laboratory testing. Students 
will be able to relate the physical and chemical 
properties of soil at a site to the climate, 
landscape position, parent material, and land 
cover of an area. 


| Science Concepts 
Earth and Space Sciences 

Soils consist of weathered rocks and 
decomposed organic material. 

Soils have properties of color, texture and 
composition; they support the growth 
of many types of plants. 

The surface of the Earth changes. 

Water circulates through soil changing its 
properties, 

Physical Sciences 
Objects have observable properties. 


Scientific Inquiry Abilities 
Identify answerable questions. 
Design and conduct an investigation. 


Use appropriate mathematics to analyze 
data. 

Develop descriptions and explanations 
using evidence. 

Communicate procedures and 
explanations. 


Time 


Two-three 45-minute class periods or 
one 90-minute session in the field 


Level 
All 


Frequency 
Soil characterization measurements are taken 
one time for a specific soil site. 


Collected samples can be stored for study and 
analyses at another time during the school year. 


Materials and Tools 
Spray bottle full of water 
Golf tees, nails, or other horizon markers 
Soil color book 
Pencil or pen 
Trowel, shovel, or other digging device 
Paper towels 
Meter stick or tape measure 
Sealable bags or containers 
Marking pen 
Camera 
Soil Characterization Data Sheet 


Prerequisites 
Selecting, Exposing, and Defining a Soil 
Characterization Site Protocol 
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Soil Characterization 
Protocol - Introduction 


Soil can be characterized by its structure, color, 
consistence, texture, and abundance of roots, 
rocks, and carbonates. These characteristics allow 
Scientists to interpret how the ecosystem functions 
and make recommendations for soil use that have 
a minimal impact on the ecosystem. For example, 
soil characterization data can help determine 
whether a garden should be planted or a school 
should be built. Soil characterization data can help 
scientists predict the likelihood of flooding and 
drought. It can help them to determine the types 
of vegetation and land use best suited toa location. 
Soil characteristics also help explain patterns 
observed from satellite imagery, vegetation growth 
across the landscape, or trends of soil moisture 
and temperature that might be related to weather. 


Teacher Support 
Advance Preparation 


Before beginning the Soil Characterization Protocol 
follow the protocol for Selecting, Exposing, and 
Defining a Soil Characterization Site. The Soil 
Characterization Protocol can be performed on a 
soil profile that is exposed in a pit, from an auger, 
or from a sample taken at the soil surface. 


Teachers should have students bring in soil 
samples from home or from the school yard to 
Practice each soil characterization measurement 


before doing the soil characterization Protocol in 
the field. 


Before Starting the soil characterization, teachers 
should have students step back from the exposed 


To help demonstrate to students what happens 
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Measurement Procedures 


To help identify different horizons, teachers should 
have students look for changes that Might be 
obvious with depth including color, structure 
texture, number and kind of roots and rocks 
temperature, moisture, smell, sound (determined 
by rubbing peds together with their fingers) 


It is helpful if students reach a Consensus about 
what they are observing. For example, they may 
discuss until they finally agree to the placement 
of horizon boundaries, soil color, structure, 
texture, or other characteristics. The results based 
on student consensus should be recorded. 


Questions for Guiding Students 


What prompted you to choose the different 
horizons? Were your choices based on soil 
characteristics such as color, Structure, presence 
of animals or roots? 


If there was anything unusual about the soil 
profile? What may have caused this? 


What can you tell about the formation of the soil 
by looking at the horizons in the profile? 


Questions for Further Investigation 
What creates the different horizons ina soil profile? 
What natural changes could alter the soil horizons? 


How long might it take to alter the depths of the 
different horizons? 


: г 2 ion (0 
How do soil profiles change from one locatio 
another? 


tion 
How do soil horizons change from one loca 
to another? 
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Soil Characterization Protocol 


Field Guide 


Task 


Identify, measure and record the horizons in a soil profile at a Soil Characterization Site. Measure and 
record the physical and chemical properties that characterize each horizon. Photograph the soil profile, 
Collect soil samples from each horizon. 


What You Need 
Q Spray mist bottle full of water Û Acid bottle filled with distilled vinegar 
Q Golf tees, nails or other marking device О soil Characterization Data Sheet 
Û Trowel, shovel, or other digging device О Pencil or pen 
Û Soil color book О Paper towels 
Q Marking pen О Meter stick or tape measure 
Û Camera О Rolling pin, hammer, or other utensil 
for crushing peds and separating particles 
In the Field 


Identifying and Measuring Horizons 

1. Make sure the sun shines on the profile. 

2. Use a trowel to scrape a few centimeters of soil off of the profile to 
expose a fresh soil face. 

3, Determine whether the soil profile is moist, wet, or dry. If the soil 
Profile is dry, moisten it with the spray mist bottle. 

4, Start at the top of the profile and observe the characteristics of the 
soil moving towards the bottom of the profile. 

5. Look carefully at the soil profile for distinguishing characteristics 
such as color, texture, shapes, roots, rocks, small dark nodules 
(called concretions), worms, small animals, insects, and worm 
Channels, These observations will help to define the horizons. 

6. Working in a straight vertical line, place a marker ( such as a golf tee or nail) at the top and 
bottom of each horizon to clearly identify it. Be sure there is a consensus from all of the 
Students regarding the depths of the soil horizons. 

| Меазиге the top and bottom depth of each horizon beginning at the top (surface) of the 

Profile. Start with the meter stick or tape measure at 0 cm at the top of the profile. Note the 
depths at which each horizon starts and ends. 
8. Record the top and bottom depth of each horizon on the Soil Characterization Data Sheet. 
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Measuring Structure | 
1. Use a trowel or other digging device to remove a sample of soil from the horizon being 
studied. 


2. Hold the sample gently in your hand and look closely at the soil to examine its Structure, 


3. Come to a consensus with other students in the group on the type of soil structure of the 
horizon. Possible choices of soil structure are: 


With Structure: 

Granular: Resembles cookie crumbs and is usually 
less than 0.5 cm in diameter. Commonly found in 
surface horizons where roots have been growing. 


Blocky: Irregular blocks that are usually 1.5 - 5.0 
cm in diameter. 


Prismatic: Vertical columns of soil that might be a 
number of cm long. Usually found in lower 
horizons. 


Columnar: Vertical columns of soil that have a 
white, rounded salt "cap" at the top. Found in soils 
of arid climates. 


Platy: Thin, flat plates of soil that lie horizontally. 
Usually found in compacted soil. 


Without Structure: 


Single Grained: Soil is broken into individual 
Particles that do not stick together. Always 


accompanies a loose consistence. Commonly found 
in sandy soils. 


Massive: Soil has no visible structure, is hard to break 
apart and appears in very large clods. 


^. Record the structure type on the Soi] 
Characterization Data Sheet. 


soil 
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measuring Main Color and Second Color 
1, 


Take a ped from the horizon being studied and note whether it is 
moist, dry, or wet. If it is dry, moisten it slightly with water from 


your water bottle. 


eom 


Break the ped and hold it next to the color chart. 


Stand with the sun over your shoulder so that sunlight shines on the 


color chart and the soil sample you are examining. 


zb: 


choice of color. 


чл 


Find the color on the color chart that most closely matches the color 
of the inside surface of the ped. Be sure that all students agree on the 


Record on the Soil Characterization Data Sheet the symbol of the 
color on the chart that most closely matches the soil color that 
covers the largest area of the ped (dominant or main color). 
Sometimes, a soil sample may have more than one color. Record a 
maximum of two colors if necessary, and indicate (1) the dominant 


(main) color, and (2) the sub-dominant (second) color. 


Measuring Soil Consistence 


ч 1. Take а ped from the soil horizon being studied. If the soil is very dry, 
Ё moisten the face of the profile by squirting water on it, and then 


remove a ped for determining consistence. 


2. Holding the ped between your thumb and forefinger, gently squeeze 


it until it pops or falls apart. 


3. Record one of the following categories of soil ped consistence on the 


Soil Characterization Data Sheet. 


Y 
) S 
CoL 
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Loose: You have trouble 
picking out a single ped 
and the structure falls 
apart before you handle 
it. Note: Soils with 
single grained structure 
always have loose 
consistence. 


Friable: The ped breaks 
with a small amount of 
pressure. 


Firm: The ped breaks 
when you apply a good 
amount of pressure and the 
ped dents your fingers 
before it breaks. 


Extremely Firm: The ped 
can't be crushed with your 
fingers (you need a 
hammer!) 
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Measuring Soil Texture 


Step 1 , . 
E Place some soil from a horizon (about the size of a small egg) in your hand and use the Spray 
mist bottle to moisten the soil. Let the water soak into the soil and then work it betwee 


П your 
fingers until it is thoroughly moist. Once the soil is moist, try to form a ball. 


* If the soil forms a ball, Bo on to Step 2. If the soil does not form a ball, call it a sand. Soil 
texture is complete. Record the texture onto the Soil Characterization Data Sheet. 


Step 2 


Step 3 

* If the soil: 
- Is very sticky 
- Hard to squeeze 
- Stains your hands 
- Has a shine when rubbed 
- Forms a long ribbon (5+ cm) without breaking, 

Call it a clay and 8o to Step 4. 

Otherwise, If the soi]: 
- Is somewhat Sticky 
- Is somewhat hard to Squeeze 
- Forms a medium ribbon (between 2.5 cm) 

Call it а clay loam and 8o to Step 4. 

Otherwise, If the Soil is: 
- Smooth 
- Easy to Squeeze, 
- At most slightly Sticky, | 
- Forms a short ribbon (less than 2 cm) 

Call it a loam and 80 to Step 4, | 

Step 4 


* Feels only a little gritty, go to C, 
A. Add the Word sandy to the initial Classification, 
* Soil texture is either: 
- sandy clay, 
- sandy clay loam, or : 
- sandy loam 0 


e E y p s et. 
Soil Texture is complete. Record the texture onto the Soil Characterization Data She 


Soil 
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B. Add the word silt or silty to the initial classification. 
• Soil texture is either: 
- silty clay, 
- silty clay loam, or 
- silt loam 
* Soil Texture is complete. Record the texture onto the Soil Characterization Data Sheet. 


C. Leave the original classification. 
* Soil texture is either: 
- clay, clay loam, or loam 
* Soil Texture is complete. Record the texture onto the Soil Characterization Data Sheet. 


Measuring Rocks 


1. Observe and record if there are none, few, or many rocks or rock fragments in the horizon. A 
rock or rock fragment is defined as being larger than 2 mm in size. 


2. Record your observation on the Soil Characterization Data Sheet. 


Measuring Roots 
1. Observe if there are none, few, or many roots in each horizon. 
2. Record your observation on the Soil Characterization Data Sheet. 


Measuring Free Carbonates 


1. Set aside a portion of the exposed soil to use for the free carbonates test. Make sure not to 
touch it with your bare hands. 


N 


. Open the acid bottle and squirt vinegar on the soil particles, starting from 
the bottom of the profile and moving up. 


wa 


Look carefully for the presence of effervescence. The more carbonates that 
are present, the more bubbles (effervescence) you will observe. 


= 


For each horizon, record on the Soil Characterization Data Sheet one of the 
following as the results of the Free Carbonate: 


* None: if you observe no reaction, the soil has no free carbonates present. 

* Slight: if you observe a very slight bubbling action; this indicates the 
Presence of some carbonates. 

* Strong: if there is a strong reaction (many, large bubbles) this indicates that many 
carbonates are present. 


Photographing the Soil Profile 


1. Place a tape measure or meter stick starting from the top of the soil profile next to where the 
orizons have been marked. 


2. With the Sun at your back, photograph the soil profile so that the horizons and depths can be 
Seen clearly 


3. Take another photograph of the landscape around the soil profile. 


^ Submit photos to GLOBE following directions outlined in the How to Submit Photos and Maps 
Section of the Implementation Guide. 
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Field Guide 
Task 


Collect soil samples of each horizon. 


What You Need: 

Ц Trowel, shovel or other digging device Q Marking pen 

Û Rubber gloves Û Sheets of paper or paper plates for drying 
Û sealable bag or container Û #10 Sieve (2 mm mesh openings) 


In the Field 
Collecting Soil Samples 

1. Dig out a large soil sample from each soil horizon. Avoid the area 
of the soil face that Was tested for carbonates and avoid touching 
the soil samples so that PH measurements will not be 
contaminated by acids on your skin. 
Place each sample in a bag or other soil container 


won 


- Label each bag with the site name, horizon name, and top and 
bottom depths. 


^. Bring these samples from the field and into the classroom or 
laboratory, 


Un 


- Spread the samples on separate Paper plates or sheets of paper to 
dry in the air. 
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depth, date, site name, site location). This is the soi] that will be 
used for lab analyses, 


10. 


Store these Samples in 4 Safe, dry place until they are used. 
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) Frequently Asked Questions 
What do the numbers and letters describing 


the soil color mean? 
For GLOBE, the universal Munsell notation is used 


to identify the color of the soil. 75RI7/2 


әшозә{әлл 


The system is made up of 3 symbols representing 
the hue, value, and chroma of the soil color. 


Hue Value Chroma 


The hue is described by the first set of number 
and letter symbols in the Munsell system. Hue 
represents the position of the color on the color 
wheel (Y=Yellow, R-Red, G=Green, B-Blue, 
YR=Yellow Red, RY=Red Yellow). 


The value is the number before the slash in the 
Munsell system. Value indicates the lightness of a 
color. The scale of value ranges from 0 for pure 
black to 10 for pure white. 


uonmnnpogui 


The chroma is the number after the slash in the 

Munsell system. Chroma describes the "intensity" 

of a color. Colors of low chroma values are 

Sometimes called weak, while those of high 

) chroma are said to be highly saturated, strong, or 
vivid. The scale starts at zero, for neutral colors, 
but there is no arbitrary end to the scale. 
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What does it mean if I determine that 


! triangle and can be used to determi 

mine the 
my soil is a silty aay, ora sandy, loam? approximate percentages of sand, silt, and clay in 
The texture you determine from feeling your soil | your soil from the texture you determined. For a 


is a subjective measurement. This means that | more objective measure of soil texture, you should 
another person might not think that the soil has | perform the Particle Size Distribution тне і 
exactly the same texture as you do. The texture | which you determine the actual percentages E 
actually refers to the percentages of sand, silt, and | sand, silt, and clay in the soil. i 

clay present. The triangle below is called a textural 
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Soil Characterization 


Protocol - 
Looking at the Data 


Are the data reasonable? 


Soil profiles vary greatly from one region to 
another making it difficult to predict what 
students will see at their sites. There are certain 
things that teachers and students can look for to 
tell whether or not the data are reasonable. 


Horizons 


It is unlikely that large numbers of distinct 
horizons will be found in very young soils 
(recently deposited, or close to bedrock), or very 
highly developed soils (such as are found in 
tropical regions), More horizons are found in 
temperate climates under forest Vegetation. 


Color 


Dark colored soil is usually found at the surface, 
unless there has been intense leaching of organic 
material, such as in a coniferous forest, or 
deposition has occurred where new parent 
material has been deposited on top ofa soil profile 


Consistence 
When the soil has single grained Structure. the 
consistence is always loose and the texture j 


usually sand or other very sandy texture such ag 
loamy sand. Testing for the bulk density of the 
soil can act as a check for the Consistence since 
the denser the soil. the more firm the consistence 
will be. 


Roots 


Bulk density should be lower when there are many 
roots in the soil that add pore space to the horizon, 


Carbonates 


If free carbonates are present, the pH should be7 
or above since high amounts of calcium carbonate 
decrease the soil acidity and increase the pH. 


Student Research 


Students at Queen Mary School in Pennsylvania, 
USA wanted to compare the soil at two sites near 
their school. The first site was in a forested area 
that had not been disturbed for at least 100 years, 
The second site was in a field that had been used 
for agriculture, but then became a grass field. 


Mr. Hardy, the teacher, did a few things to prepare 
for this study. First, he contacted the local USDA 
Natural Resources Conservation Service office and 
asked the local soil scientist to come out and help 
the class. Arrangements were made so that the 
Soil scientist could spend a class period talking 
about soils in the county and show the students 
maps and other information about the soils neat 
their school. She also agreed to help the students 
with their soil characterization measurements. 
Second, Mr. Hardy checked to make sure ion 
Was safe to dig at these sites, and a 
students’ parents to help dig the soil pits. at 
Parents waited until a few days after a good Py 
So that the soil would be moist and езү 8 
and soon had dug two soil nie i 
to a depth of 1 meter. As they removed a by 
from the pit, it was stacked neatly in Р! was 
horizon, so that when the charac си 
done, they could return the soil in the same 

in which it had been removed. 
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When the day for digging arrived, the students 
went out in two teams to characterize each of the 
sites. Team A was in charge of the site description 
and determined the GPS location, elevation, slope, 
aspect, landscape position, cover type, and land 
use. They also identified the soil parent material 
with the help of geologic maps they found in the 
library and help from the county soil scientist. 
Information about the site location and other notes 
were also recorded. Team B went into the pit and 
did the soil characterization and sampling of 
horizons, making sure there was consensus among 
all the students on the team about what they were 
observing. The students waited until the following 
day to complete the characterization at the grass 
field site. Each team then switched roles so that 
every student had a chance to do both the site 
description and soil characterization in the pit. 
The data collected by the students at each site are 
given below. 


Site A: 
Slope: 15 degrees 


Aspect: 120 degrees 
Landscape Position: Summit 
Cover Type: Trees 

Land Use: Forest 


Parent Material: Sandstone Bedrock (hit bedrock 
at 86 cm) 


Horizon | Top |B Rocks | Roots | 5 Color | Consi Texture | Carbonat 
orizon tt truct tence| Texture | Carbonate: 
op | Bottom | Roc oots | Structure | Color onsis | Te 
1 0 6 Few | Many | Granular | lOYR 2/1 | — Friable Sandy None 
prx s] | =! К ЈЕ x — | Loam —- 

2 6 20 Few | Many | Blocky |lOYR6/4|  Friable Sandy None 
meu Б see EEL CM EE 
3 |20| 50 Few | Few | Blocky |7.5YR6/6| Firm Clay None 

Loam Hj 
Ee. uL | = — 
4 50 70 Many | Few Blocky |7.5YR 7/8 Firm Sandy None 
. | Clay Loam 
ERAN sil | 
|. ae ШШШ 
2 70 86 Many | None Single —|7.5YR 8/4 Loose Loamy None 
Grained Sand 
L iis — 
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Site B: 
Slope: 3 degrees 


Aspect: 120 degrees 

Landscape Position: Large Flat Area 
Cover Type: Grass 

Land Use: School Grounds 

Parent Material: Limestone Bedrock 


Site B: The soil at site B is very different than at 
Site A, even though they are both on the school 
grounds and formed under the same climate. This 
is probably due to the difference in parent 
materials at the two sites, 


The soil at site B was formed from limestone parent 
material along a wide flat surface. The original 
vegetation here was probably forest at one time, 
as it was for most of the state of Pennsylvania, but 
the trees had probably been cut away to createan 
agricultural field since it was such a wide and flat 
area. Some of the parents remembered that = 
land where pit B was dug was once a farm, ш 
was converted to a grassy field when the үк 
was built. The pit dug here is deeper e 
at Site A since, according to the soil I | 
limestone rock is more easily weathered t i 
Sandstone which is harder. In fact, there s 
Tock fragments in the profile from the we 
bedrock since they were so easily weathered. 
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The soils at both site A and B are darkest at the 
surface, because of the input of organic material 
from the vegetation at the surface, although as 
they get deeper, Site A gets lighter and the soil at 
Site B gets redder. The texture of the horizons at 
Site Bis much more clayey. Again the soil scientist 
explained that this was common in most soils of 
this region since clay moves down through the 
profile over time. Since there were so many more 
clay size particles in the limestone parent material 
than in the sandstone, the texture of the soil at 
Site B was also much more clayey. She also stated 
that it was common for clayey soils in this part of 
the world to have a high amount of iron oxide 
coating the particles which is what gives them the 
reddish color. The high clay content makes the 
consistence of the soil very firm and difficult to 
break, and so there are few roots in this horizon. 
One of the constituents of limestone is calcium 
carbonate but there are no carbonates present in 
this profile. The soil scientist explained that again, 
because of the temperate climate and materials 
such as acids in organic matter which leach 
through the soil, any carbonates that may have 
been in this soil originally have been removed. 
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Soil Temperature Protocol 


Purpose 


[o measure near-surface soil temperatures 


Overview 
Students measure soil temperatures at 5 cm and 
0 cm depths using a soil thermometer, 


Student Outcomes 

Students will be able to perform a soil 
hermometer calibration, carry out soil 
emperature measurements accurately and 
precisely and record and report soil temperature 
data. Students will be able to relate soil 
temperature measurements to the physical and 
chemical properties of soil. 


Science Concepts 
Earth and Space Sciences 
Soils have properties of color, texture and 
Composition; they support the growth of 
many types of plants. 
The surface of Earth changes. 
Water circulates through soil changing its 
properties. 
Physical Sciences 
Objects have observable properties. 
Energy is conserved. 
Heat moves from warmer to colder objects. 


Scientific Inquiry Abilities 

Identify answerable questions. 

Design and conduct an investigation. 

Use appropriate mathematics to analyze 
data. 

Develop descriptions and explanations 
using evidence. 

Communicate procedures and 
explanations. 


Time 
10-15 minutes 


Level 
All 


Frequency 

Soil temperature measurements can be taken 
daily or weekly. Seasonal measurements are 
taken every three months at 2-3 hour 
intervals for two consecutive days (diurnal 
cycle measurement). 


Materials and Tools 


Dial or digital soil thermometer 

12 cm nail or spike 

Hammer 

Spacers (for limiting soil thermometer 
insertion depth) 

Calibration thermometer 

Wrench for adjusting dial soil 
thermometer 

Watch 

GLOBE Science Log(s) 

Soil Temperature Data Sheet 


Preparation 
Make spacers so that soil thermometer is 
inserted to the proper depths. 


Prerequisites 


None 
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Soil temperature is an easy measurement to take 
and the data collected are useful to scientists and 
students. The temperature of the soil affects 
climate, plant growth, the timing of budburst or 
leaf fall, the rate of decomposition of organic 
wastes and other chemical, physical, and 
biological processes that take place in the soil. 


The temperature of soil is directly linked to the 
temperature of the atmosphere because soil is an 
insulator for heat flowing between the solid earth 
and the atmosphere. For example, on a sunny day, 
Soil will absorb energy from the sun and its 


atmosphere, The 

affects the rate at 
Soil temperatures can be relatively cool in the 
Summer or relatively warm in the winter. Soil 
temperatures can tange from 50° C for near-surface 
Summer desert soils (warmer than the maximum 
air temperature) to values below freezing in the 


inter. 
M affected by w 


our environment. 


oe 
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» affecting the climate. 


heat and cool helps to 
growing seasons for plants, 
animals that can live in the 
t of humidity into the 
amount of moisture in the soil 
which the soil heats and cools, 
wer than dry soils because the 
es between the soil particles 


an be used to make 
the ecosystem will be 
arming or cooling global 
temperatures, Scientists use soil temperature data 
in their research on topics varying from pest 
control to climate change. By collecting soil 
temperature data, GLOBE students make à 
Significant contribution to the understanding of 


Soil 


3 Teacher Support 10 cm Measurement 
1. Measure 12 cm up from the tip of the soil 
Preparation thermometer and mark this spot. 
: Measure the distance from the base of the 
soil thermometer dial to the 12 cm mark. 


N 


Before students collect data and once every three 
months thereafter, have students calibrate the soil 


thermometer following the Calibrating the Soil 3; Make a spacer by cutting a piece of plastic 
Thermometer Lab Guide. This will ensure that the е з ae i e ud üt н 
f Wood, drill a hole through the center о 
ts are accurate. 
students’ measuremen | the block). 
To ensure that students take soil temperature 4. Insert the soil thermometer through the 


measurements at the correct depths, have them 
use spacers when they insert the thermometer into 
the ground. These spacers are easily made 
according to the following procedures. See Figure À 
SOTE. Alternatively, students can mark their 
thermometers so they will be inserted to the 
proper depth in the soil. Thermometers can be 
marked with a permanent marker, The 
thermometer should be marked 7 cm from the 
tip to get a 5 cm measurement and 12 cm from 
the tip to get a 10 cm measurement. 


spacer. 12 cm of the thermometer should 
be sticking out of the bottom of the Spacer. 
5. Label this spacer 10 cm Measurement. 


5cm Measurement 

. Measure 7 cm up from the tip of the soil 
thermometer and mark this spot. (Note 
that the location of the temperature sensor 
is typically 2 cm above the tip of the 
thermometer.) 


2. Measure the distance from the base of the Site Selection 
| soil thermometer dial to the 7 cm mark. Soil temperature data are collected in the vicinity 

3. Make a spacer by cutting a piece of plastic | ofthe Atmosphere Study Site or the Soil Moisture 
tubing or wood to this length. (If using Study Site. 
wood, drill a hole through the center of 
the block). Managing Materials 

^. Insert the soil thermometer through the The soil temperature measurement requires 
Spacer. 7 cm of the thermometer should be inexpensive equipment. Consider buying three 
sticking out of the bottom of the spacer soil thermometers. Since the data are collected in 

5. Label this spacer 5 cm Measurement. triplicate, having three thermometers reduces the 


Figur € SO-TE-1: Making Spacers Jor Your Soil Temperature Probe 
5 cm Pilot 
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Soil Thermometer 10 cm Pilot Soil Thermometer 


Spacer Spacer 
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data collection time. This may allow collection of 
data daily — data collected more often are more 
useful for research and in the classroom. 


Soil thermometers will break if students try to force 
them into the ground. It is advisable to have the 
students make pilot holes unless the soil is soft 
(i.e., loose or friable). Mark the nail for the pilot 
hole with a permanent marker or by scribing with 
a hacksaw at 5 cm, 7 cm, 10 cm, and 12 cm. 


The three measurements taken at the same deny 
within 25 cm should be similar. If one data рош 
is anomalous (very different from the others) 
scientists using the data May question whether jt 
is valid. Students should note in the metadata any 
reasons they suspect there may be an o 


Soil temperature measurements can be used to 
begin quantitative GLOBE measurements on the 
school grounds before an atmosphere shelter is — 
established. Equipment is taken Outside for the 
measurements and then brought back to the 
classroom avoiding secu rity issues, 


Supporting Activities 
Encourage students to examine the relationship 
between soil temperature and soil characteristics, 


The soil thermometers should not be left 
permanently in the ground. The soil thermometers 
are not sealed to protect them against moisture, 
so itis not a good idea to leave them outside when 
not in use, (See the Optional Soil and Air 
Temperature Protocol for probes that can be left in 
the ground.) 


Have students compare soil temperatures to air 


aging Students and water temperatures. 
Two – three students collect soil tem rature data. В 
pe Have students examine seasonal soil temperature 
Frequency of Measurement fluctuations, 


Have students describe or draw a graph of how 
they would expect soil temperatures to changeat 
different depths. Students should explain why 
they have drawn the graphs as they have. They 
then compare their graphs to actual data from the 
GLOBE Web site visualizations. Have students 
discuss other variables that might be affecting the 
soil temperature pattern. 


Soil temperature data is collected daily or weekly. 
Every three months, on two consecutive days, 
students should take measurements at least 5 times 
each day at intervals of approximately two to three 
hours following the Soil Temperature Protocol — 
Diurnal Cycle Measurement Field Guide. While a full 
daily cycle is typically 24 hours — the intention 
here is to capture the daytime part of this cycle. 


Measurement Procedures 


After selecting an appropriate site, a pilot hole is 
made to a depth of 5 cm and the temperature probe 
is inserted and read after 2.3 minutes. The pilot 
hole is then deepened to 10 cm and the 
temperature probe is again inserted and read after 
the temperature reading stabilizes, This process is 
Tepeated twice more within a meter of the original 
measurement and should take a total of about 20 
minutes, Students Measure the soil temperature 
three times at depths of 5 cm and 10 cm, 


Have students do the Surface Temperature des 
in the Atmosphere Investigation. In this protocol 
Students measure surface temperatures. These 
measurements can be related to soil temperatures. 


Questions For Further Investigation 


‹ : е 
Is soil temperature or air temperature warm 
local solar noon? 


rat 


; : re seeds 
How warm must soil get in your area befo 
sprout? 


To what depth does your soil freeze? 


How are other GLOBE measurements 
soil temperature? 


related t0 


d 
Я ure an 
Are the time of maximum air un a 10cm 
the time of maximum soil toph 

depth constant throughout the year! 
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Calibrating the Soil Thermometer 


Lab Guide 


Task 


Calibrate the soil thermometer. 


What You Need 
Û Soil thermometer 


Û Calibration thermometer (determined 
to be accurate to + 0.5° C using the 
ice bath method described in the 
Atmosphere Chapter) 


Û 500-mL beaker 


Inthe Lab 


О Water 


О Wrench that fits nut on soil thermometer 


О Science Log 


1. Pour about 250 mL of water at room temperature into a beaker. 


кә 


w 


needed. 


A 


. Wait 2 minutes. 


[£i 


a 


thermometer is calibrated. 


m 


со 


Place both the calibration thermometer and the soil thermometer into the water. 


Check that the water covers at least the lower 4 cm of both thermometers. Add more water if 


. Read the temperatures from both thermometers. 


. If the temperature difference between the thermometers is less than 2° C, stop; your soil 


- If the temperature difference is greater than 2° C, wait two more minutes. 


- Ifthe temperature difference is still greater than 2° C, adjust the soil thermometer by turning 


the calibration nut at the base of the dial with the wrench until the soil thermometer reading 


matches the calibration thermometer. 
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Soil Temperature Protocol 
Field Guide 


Task 


Measure soil and air temperature. 


What You Need 

Û Soil Temperature Data Sheet О Watch 

Û Soil Thermometer О science Log 

Û Thermometer spacers Û Pen or pencil 

Û 12emor longer nail marked at Q) Hammer (if soil is extra firm) 


5 cm, 7 cm, 10 cm and 12 cm from 
its point (if soil is firm or extra firm) 


In the Field 


1. 


ЕШ in the top portion of the Soil Temperature Data Sheet 


2. Locate your sampling point (If soil is soft, skip step 3). 

3. Use the nail to make a 5 cm deep pilot hole for the thermometer. If the soil is extra firm and 
you have to use a hammer, make the hole 7 cm deep. Pull the nail out carefully, disturbing p 
soil as little as possible. Twisting as you pull may help. If the soil cracks or bulges up, move? 
cm and try again. 

4. Insert the thermometer through the longer spacer so that 7 cm of the probe extends below the 
bottom of the guide. The dial should be against the top of the spacer. 

5. Gently push the thermometer into the soil. 

6. Wait 2 minutes. Record the temperature and time in your Science Log. 

7. Wait 1 minute. Record the temperature and time in your Science Log. 

8. If the 2 readings are within 1.0° C of each other, record this value and the time on the ^if C 
Temperature Data Sheet as Sample 1, 5 cm reading. If the 2 temperatures are not within ee 
continue taking temperature readings at 1-minute intervals until 2 consecutive reading 
within 1.0° C. 

9. Remove the thermometer from the hole. (If the soil is soft, skip step 10.) 
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Use the nail to deepen the hole to 10 cm. If you have to use a hammer, deepen the hole to 
12 cm. 


‚ Replace the long spacer with the shorter one so that 12 cm of the thermometer extends below 


the bottom of the spacer. Insert the thermometer in the same hole. Gently push down until 
the thermometer tip is 12 cm below the surface. 


. Wait 2 minutes. Record the temperature and time in your Science Log. 
. Wait 1 minute. Record the temperature and time in your Science Log. 


‚ If the 2 readings are within 1.0° С of each other, record this value and time on the Soil 


Temperature Data Sheet as Sample 1, 10 cm reading. If the 2 temperatures are not within 1.0° 
C, continue taking temperature readings at 1-minute intervals until 2 consecutive readings are 
within 1.0° C. 


‚ Repeat steps 2 — 14 for 2 other holes 25 cm away from the first hole. Record these data on the 


Soil Temperature Data Sheet as Sample 2, 5 and 10 cm and Sample 3, 5 and 10 cm. 
Note: These three sets of measurements must all be made within 20 minutes. 


. Wipe clean all the equipment. 


‚ Read and record the current air temperature from the thermometer in the instrument shelter 


or following the Current Temperature Protocol in the Atmosphere Chapter. 
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Soil Temperature Protocol - 
Diurnal Cycle Measurement 


Field Guide 


Task 


Measure soil and air temperature at least five times a day for two days. 


What You Need 
О Diurnal Cycle Soil Temperature Data Sheet Cl Hammer (if soil is extra firm) 
О soil thermometer Û Watch 
soil Thermometer spacers О Pen or pencil 
Û 12 cmor longer nail marked at О Science Log 
5 em, 7 cm, 10 cm and 12 cm 
from its point (if soil is not soft) О Thermometer (lor current air temperature) 
In the Field 


1. Fill in the top portion of the Diurnal Cycle Soil Temperature Data Sheet, choose your first 
sampling point and skip step 2. 


4. Insert the thermometer through the longer spacer so that 7 cm of the thermometer extends 
below the bottom of the guide. The dial should be against the top of the spacer. 


5. Gently push the thermometer into the soil. 


У Um jurnal 
8. If the 2 readings are within 1.0° c of each other, record this value and the time on the Diur 


Consecutive Teadings are within 1.0° C 


9. Remove the thermometer from the hole (If the soil is soft, skip step 10). 
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10. Use the nail to deepen the hole to 10 cm. If you have to use a hammer, deepen the hole to 
12 cm. 


11. Replace the long spacer with the short one so that 12 cm of the thermometer extends below 
the bottom of the spacer. Insert the thermometer in the same hole. 


12. Wait 2 minutes. Record the temperature and time in your Science Log. 
13. Wait 1 minute. Record the temperature and time in your Science Log. 


14. If the 2 readings are within 1.0* C of each other, record this value and time on the Diurnal 
Cyde Soil Temperature Data Sheet for the current sample, 10 cm reading. If the 2 temperatures 
are not within 1.0° C, continue taking temperature readings at 1-minute intervals until 2 
consecutive readings are within 1.0* C. 


15. Read and record the current air temperature from the thermometer in the instrument shelter 
or following the Current Temperature Protocol in the Atmosphere Chapter. 


16. Repeat steps 2-15 every 2 to 3 hours for at least 5 measurement times 


17. The next day, repeat steps 2-16. 


Figure SO-TE-2: Soil Temperature: Layout of Diurnal Observation 
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Soil Temperature Protocol 
~ Looking at the Data 


Are the Data Reasonable? 


Graphing soil temperature data is a useful way to 
determine temperature trends and variations. For 
example, the graphs for one year of soil 
temperatures at 5 cm and 10 cm depths at three 
locations covering a wide range of latitudes show 
some interesting inclinations; Valdres, Norway 
(61.13° N, 8.59° E: Figure SO-TE-4), Cleveland, 
OH, USA (61.13 N, -81.56° W: Figure SO-TE-4), 
and Kanchanaburi, Thailand (14.49* N, 99.47" E: 
Figure SO-TE-5). These graphs indicate that soil 
temperatures at 5 cm and 10 cm depths follow 
similar patterns in variation over time. 


Soil temperature data generally show daily and 
seasonal trends that are similar to air temperature. 
The next set of graphs shows soil temperature at 
5 cm and mean air temperature for the same 
schools as the previous graphs. See Figures 
SO-TE-6, SO-TE-7, SO-TE-8. Note that the axis 
for air temperature is on the left and the axis for 
soil temperature is on the right. 


The following questions can be asked to determine 
whether the data in the graphs are reasonable: 

* At which depth is the soil temperature generally 
warmer? Is this true for all three locations? Is 
this true throughout the entire year? 

* What is the relationship between soil 
temperature and air temperature? Is it the 
same for all three locations? Is it the same 
throughout the course of the year? 

* Which temperature, air or soil, has a 
greater annual temperature range in the 
graphs shown? 


Students can determine whether their data are 


reasonable by comparing with data from other 
schools and asking similar questions. 


By looking at graphs of their soil and air 
measurements, students will get a better 
understanding of the temperature trends at their 
site. Graphing their soil temperature data is also 
useful to identify data points that do not make 
sense. These data points are referred to as 
anomalies. They can be the result of a natural 


Questions students should ask when analyzing 
graphs of their soil temperature data include the 
following: 

* What is the mean temperature? 

* What is the range of the data (difference 
between maximum and minimum)? 

* How variable are the data on different tine 
scales (daily, weekly and monthly)? 

* Ifa regular pattern is interrupted, is therea 
reason for this break in other data setsorin 
the metadata? 

* Do the data represent a spatial or temporal 
average (Note that some scientists use 
equipment or data processing that 
automatically averages quantities such as 
temperature over longer time periods. In 
general, GLOBE data represent instantaneous 
measurements of a particular parameter)? 

Following are some trends that students should 
notice in their soil temperature data: 

* A correlation or similarity between the 5 
and 10 cm soil temperature data. 

* Soil temperature trends should appear 
similar to air temperature trends. 


What Do Scientists Look for in the Data? 


Scientists compare changes in soil temperature ^ 
soil characteristics to determine how different e 
heat and cool. Since heat generally WA 
speed of physical, chemical, and ko 
reactions, scientists use soil temperatures 10 Rue 
the rate at which processes such as seed germin 
will occur. 


: -term 
Scientists are particularly interested а ee 
soil temperature data. Comparing soil, E e 0 
temperatures over many years ће P'ithe may 
understand changes in global climate {| ermalros! 
processes related to it, such as soil an P exer 
formation. Long-term data are needed ei change 
the persistence or trend of any observe 


: ether 
ons 108 
Scientists also use ground observat! 


Е data 
with models at different scales and with e 0 
sets, such as satellite thermal e om one 
validate or extrapolate their understand? 
area to another. 
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An Example of a Student Research 
Project 

Forming a Hypothesis 

While looking at soil temperature data from a 
number of GLOBE schools, a group of students 
observed that at some schools the soil temperature 
at 5 cm was higher than the soil temperature at 
10 cm but at other schools this pattern was 
reversed. The students wondered if this was 
random or if it was related to the time of year and 
air temperature. They looked at graphs of data 
from other GLOBE schools and decided to form a 
hypothesis based on their knowledge. Their 
hypothesis was: Soil temperature at 5 cm depths will 
be greater (warmer) than soil temperature at 10 cm 
depths in the summer and less (colder) than soil 
temperature at 10 cm depths in the winter 


Collecting Data 


Because the students were located in a mid- 
atitude climate, they wanted to test their 
hypothesis with a school at a latitude similar to 
their own. The students chose Norfork Elementary 
School, Norfork, AR (36.20° N, 92.27° W), a mid- 
atitude school whose students had collected two 
years of soil temperature data (Figure SO-TE-9) 
and two years of air temperature data. The 
students plotted the soil temperature at 5 cm and 
0 ст on the same graph to compare differences 
in these depths over the two years. 


Analyzing Data 


n looking at this graph, the students concluded 
at the data points were too close together to 
determine iftheir hypothesis was true or not. They 
decided to do some further data analysis. They 
Вап by subtracting the temperature at 10 cm 
ftom the temperature at 5 cm to calculate the 
temperature difference between the two depths. 
> differences were negative, the deeper 
ne а than the soil closer to the surface 
ban id 801 positive differences, the reverse 
: ‘hen, they plotted the temperature 


differ L 
ences Over time to determine whether their 
YPothesis was correct, 


Condlusions 


From Figure SO-TE-10, the students could see 
that the negative values, Tepresenting times when 
the 10 cm soil was warmer than the 5 cm soil, 
occurred primarily in the fall (September, October 
and November) and winter (December, January, 
and February) months, However, there were many 
instances during the winter when the differences 
were positive, that is, the temperature at 5 cm 
was warmer than the temperature at 10 cm. 
Therefore, the students concluded that the data 
refuted their original hypothesis that soil 
temperatures at 10 cm would be warmer in the 
winter, as this was not always true. 


Although the students found that their hypothesis 
was not true all of the time, the graph they made 
did confirm their idea that the 10 cm soil 
temperatures would be warmer than the 5 cm soil 
temperatures but only during the cooler months. 
To get a better view of this, the students generated 
a plot that showed the difference between 5 cm 
and 10 cm soil temperatures and mean air 
temperature. See Figure SO-TE-11. Note that the 
axis for soil temperature difference is on the left 
and the axis for air temperature is on the right. 
From this graph the students were able to 
conclude that at this site, air temperature must 
be low (< 5° C) for the soil temperature at 10 cm 
to be greater than the soil temperature at 5 cm. 
This conclusion made sense to the students. They 
reasoned that when the air temperature is warm, 
it warms the soil closer to the surface first, but 
when the air is cool, it will cool the soil closest to 
the surface first, leaving the more insulated deeper 
soil warmer. 


Further Research 

The students working on this project wondered 
if the relationship they observed would be the 
same in other parts of the world. They performed 
the same analysis on the soil and air temperature 
from two other schools, one in Norway, (Figure 
SO-TE-12) a much cooler climate, and one in 
Thailand, (Figure SO-TE-13) a much warmer 


climate. 
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The students saw from these graphs that the 
relationship between soil and air temperature that 
they observed in the data from Arkansas was 
similar to Norways but not Thailands. This led 
them to conclude that the climate and/or soil type 
of a region must affect this relationship. In 
particular, they speculated that many other warm 
and wet regions might not fit this pattern. The 
students were excited to collect enough data at 
their own school to study changes in 5 cm and 
10 cm soil and air temperatures throughout the 
year. 
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Gravimetric Soil 
Moisture Protocols 


Purpose 


To measure soil water content by mass 


Overview 

Students collect soil samples with a trowel or 
auger and weigh them, dry them, and then weigh 
them again. The soil water content is determined 
by calculating the difference between the wet 
sample mass and the dry sample mass. 


Student Outcomes 

Students will be able to collect soil samples from 
| the field and then measure their soil moisture 
| and record and report soil moisture data. 


| Students will be able to relate soil moisture 
Measurements to the physical and chemical 
properties of the soil. 


Science Concepts 
Earth and Space Sciences 
Earth materials are solid rocks, soil, water, 
biota, and the gases of the atmosphere. 
Soils have properties including color, 
texture structure, and density; they 
Support the growth of many types of 
plants and serve numerous other 
functions in the ecosystem. 
The surface of Earth changes. 
Soils consist of rocks and minerals less than. 
2mm, organic material, air and water. 
Water circulates through soil affecting its 
Properties. 
| Physical Sciences 
Objects have observable properties. 
Scientific inquiry Abilities 
Identify answerable questions. 
Design and conduct an investigation. 
Se p pue mathematics to analyze 
ata. 


D pe 
“velop descriptions and explanations 
Using evidence. 


Communicate procedures and 
explanations. 


Time 

20-45 minutes to collect samples 

2-15 minutes to weigh wet samples 

5-15 minutes to weigh dry samples 
Samples dry in a drying oven overnight. 
Alternatively, samples can be dried in a 
microwave. They need to be weighed 
repeatedly during the drying process. This 
method requires more student time. 


Level 
All 


Frequency 

To support the GLOBE soil moisture 
campaign, the following time periods are 
encouraged for as many sites as possible: 


First 2 weeks of October, in conjunction with 
World Space and Earth Science Week 


Fourth week in April in conjunction with 
Earth Day Week 


Additionally, twelve or more times per year 
for the same site at daily, weekly or monthly 
intervals 


Materials and Tools 

Soil drying oven or microwave 

Thermometer (capable of measuring to 
110° C) if using a drying oven 

Microwave-safe container if using a 
microwave oven for soil drying 

Balance or scale with 0.1 g sensitivity 
(600 g capacity recommended, 
400 g minimum capacity required) 

Hot pad or oven mitt 

Meter stick 

Ruler marked in millimeters 

Permanent markers to label soil 
containers 
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Gravimetric Soil Moisture 
Protocol ~ Introduction 


Soil acts like a sponge spread across the land 
surface. It absorbs rain and snowmelt, slows run- 
olf and helps to control flooding. The absorbed 
water is held on soil particle surfaces and in pore 
spaces between particles. This water is available 
for use by plants during times of little 
precipitation. Some of this water evaporates back 
into the air; some drains through the soil into 
groundwater. Absorbent soils, like those found 
in wetlands, soak up floodwaters and release them 
slowly, preventing damaging runoff. Soils that are 
saturated with water have no available space to 
hold additional water causing new rainfall to flow 
across the surface to low lying areas. Measuring 
the amount of water stored in the soil determines 
the ability of soil to moderate the hydrologic cycle. 
This valuable environmental indicator also helps 
to estimate the soil-water balance — the pattern of 
how much water is stored in a soil over a year. 


In order for most plants to grow, they need a place 
to take root, water, and nutrients. Generally, the 
nutrients come from dissolved soil minerals and 
organic matter and are carried to plants by soil 
Water. Sometimes water flowing downward 
through the soil removes chemicals and nutrients 
from upper soil layers and deposits them deeper 
in the ground. The process by which materials 
ate removed from the soil by water is known as 
leaching. Leached materials may be held in lower 
ayers of the soil or may stay in the water and 
Ow into rivers, lakes, and groundwater, 


Water is an important element in the weathering 
Processes that break rock apart to form soil. For 
example, in cold climates, water in cracks will 
freeze and expand, causing rocks to break apart. 
hen water thaws and flows away, it moves 
Mi Tock Parts with it. This freeze-thaw action 
е л builder. In tropical climates, water 
aM Ock apart and helps to form soil particles 
minerals by dissolving the rock. 


Water also supports the decay of dead plants and 
animals into soil organic matter but only when 
oxygen from the air is present. In some places, 
the soil is so waterlogged that oxygen is excluded 
and plant and animal remains are preserved for 
centuries because of their slow rate of 
decomposition. 


Some of the water stored in the soil evaporates 
back into the atmosphere. This evaporation cools 
the soil and increases the relative humidity of the 
air, sometimes affecting local weather and climate. 
The amount of water in the soil also affects soil 
temperature. Because liquid water has a higher 
heat capacity than either air or soil, more heat is 
Tequired to increase the temperature of moist soil. 
Water in soil decreases the rate of soil warming 
and increases the rate of soil cooling, so moist 
soils tend to be cooler than dry soils. 
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Preparation 


students fill out the Soil 


least one triplicate soil 


Teacher Support 


Before beginning the Soil Moisture Protocol, have 


Moisture Site Definition 


Sheet. Have students weigh their soil sample 
containers in advance and write the mass on each 
container with a permanent marker. Mark each 
container with an identifying number. 


Frequency of Measurement 


To support the GLOBE soil moisture campaign, 
every GLOBE school is encouraged to make at 


moisture measurement 


twice a year during the first 2 weeks of October, 


in conjunction with World Space and Earth 


soil moisture site that 
90 m by 90 m area, 


Science Week and the fourth week of April in 
conjunction with Earth Day Week. This is also a 
good Opportunity to collect land cover data at any 


is homogenous over a 


samples every 2 weeks for 24 weeks, or even а 


monthly sample through 
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2. The Transect Pattern requires an op 


Measurement Procedures 


It is important for students to Place soi 
in well-sealed containers and to weigh th 


1 samples 


Samples are dried until all water is removed and 
then weighed for a second time. The difference in 
the mass before and after drying equals the mass 
of water that was Present in the soil. Scientists 
call this the gravimetric technique, which Means 
a measurement by weighing. 


The ratio of the mass of Water to the mass of dry 
soil is the soil water content. The mass of wateris 
divided by the dry soil mass to Bet a normalized 
value for soil water content. This normalized value 
can be compared with other measurements on 
other days even though the size of the soil samples 
may vary from one day to the next. It also permits 
valid comparisons among different sites. 


The Soil Moisture Protocol offers three choices for 
sampling: the Star Pattern, the Transect, and the 
Depth Profile. The purpose of the sampling patterns 
isto systematically avoid digging in the same place 
twice. Choose the sampling pattern that best 
complements the other GLOBE measurements 
students are taking, as well as educational 
objectives and students’ research interests. 


1. The Star Pattern involves collecting soil 
samples from 12 different locations at 
twelve different time periods in a 
2 тх 2 m star-shaped area. For each of 
the 12 locations, three spots are chosen 
within 25 cm of each other, Samples from 
the top 5 cm and from 10 cm deep are 
collected at each of the three spots, ae 
total of 6 samples at each location on i 
star. This sampling method can be easily 
Coordinated with the Soil Temper 
Protocol, whereby students collect na 
soil temperature measurements at n 
same depths and locations as the 50 


Moisture measurements. space 


: les 
of at least 50 m length. Thirteen samp 


oil. 
are collected from the top 5 cm ati 


Soil 
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This pattern allows students to see spatial 
variations in surface soil moisture 
measurements. It is also useful for 
comparison with soil moisture data 
collected remotely from satellites or 
aircraft. These remote measurement 
techniques sense moisture contained in 
the top 5 cm of soil and their 
measurements are averaged over areas of 
1005 of square meters or more. 

The Depth Profile involves taking a sample 
of the top 5 cm and the use of an auger to 
take soil samples at depths of 10 cm, 

30 cm, 60 cm, and 90 cm. Using an auger 
takes a bit of extra time, but this effort 
gathers valuable data and complements 
the Soil Characterization Protocol and the 
Optional Air and Soil Temperature Protocol. 


w 


To reduce the labor involved in microwave oven 
drying, students should leave their soil samples 
toair dry uncovered for a few days after measuring 
their initial wet weights and then dry them in the 
microwave. 


Gravimetric soil moisture sampling disturbs the 
natural state of the soil, so students should never 
sample twice from the same point within a period 
ofseveral years. They can either offset the transect 
or shift the center of their star within a 10 m 
diameter area. 


Managing Materials 


Make sure that soil sample containers can be 
tightly sealed to prevent moisture from 
evaporating. Soil cans will rust unless they are 
thoroughly dried after each use. 


Ifyou must use labels on the containers, make 


Sure that they will not come off during the oven 
Ting process, 


R А 
i ae that lids must be removed for drying, 
Weigh containers without their lids. 


Balances should be placed on flat surfaces and 
calibrated before use. 


Managing Students 


Soil moisture samples can be collected most 
efficiently by small groups of students: one or two 
students for each pair of 5 cm and 10 cm samples 
in the Star Pattern, one or two students per station 
along the Transect, and two to four students for 
the depth profile samples. These same students 
or a few additional students can do the Soil 
Temperature Protocol at the same time. 


Supporting Activities 

To introduce students to the concepts that soil 
holds water, that there are many variables affecting 
how much water soil holds, and that water quality 
is affected as it passes through the soil, have them 
do the Just Passing Though Learning Activity. 


To help students better understand the concept 
of soil water content, have them do the Soils as 
Sponges Learning Activity. 


Questions For Further Investigation 
What other GLOBE schools have patterns of soil 
moisture similar to yours? 


How many weeks of the year is your soil relatively 
wet or relatively dry? 


Does soil moisture change during the winter? 
Which areas around your school are usually dry 
or wet? Why? 

Which holds the most water: clay, sand, or silt? Why? 
Which provides the most moisture to plants? 


Does the type of land cover affect the amount of 
water that enters the soil? Does it affect the rate at 
which soil dries out following a rainstorm? 


How does the porosity of a soil horizon relate to 
the amount of water that horizon can hold? 
How does soil water content change from one 
horizon to another in the same profile? 

What happens to the downward flow of water if 
there is a coarse textured (sandy) horizon 
overlying a horizon with high clay content? What 
happens to water flow ifa clayey horizon is found 
over a sandy horizon? 

How are soil moisture and relative humidity 
related? 
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Star Pattern Soil Moisture Protocol 


Field Guide 


Task 


Collect soil moisture samples at depths of 0-5 cm and 10 cm 


What You Need Temperature Probe Moisture Sample 
Location Location 
Û Star Pattern Soil Moisture Data Sheet x p 
N N 2:77 Wg : 
Q Compass (to locate sampling point) Ае, С 4 1 
oe B i | 
Û Trowel . e | 
sats N " 
О 6 soil Sample containers weighed and E BN сі y 
labeled with their mass and a СФ ------ ө: D й 
1 П 
Container number a А uL 
NM ie xc i 
bs / ! 
О Meter stick 9 ! 
| i 4 Y i 
| О Ruler marked in millimeters D kad ! 
Q science Log 
О Pen or pencil 
In the Field 
1. Complete the top portion of the Star Pattern Soil Moisture Data Sheet 
2. Locate your sampling point on the star and cut or pull away any grass or groundcover. 
3. Dig a hole 10-15 cm in diameter down to 5 cm. Leave the soil loose in the hole. 
^. Remove from the loose soil any rocks larger than 4 pea (about 5 mm), large roots, worms, 
grubs, and other animals, 
5. Use your trowel to fill a soil container with at least 100 g of the loose soil 
6 Immediately seal the container to hold in the Moisture 
7. Record the container mass and number on the Data Sheet next to Sample 1, 0-5 cm. 
8. Remove all of the soil from the hole down to a depth of 8 cm 
9. In a clean container, collect a soil sample that contains the soil between 8 and 12 cm. 
Remember to Temove rocks, large Toots, and animals. Seal the container. 
10. Record the container mass and number оп the Data Sheet next to Sample 1, 10 cm. 
11. Return Temaining soil to the hole. 
UE ; ing the 
12. Repeat steps 3 — 11 twice in new holes within 25 cm of the original sample point "ES ot 
other four cans and recording the container numbers and masses for samples 2 an 
depths. You should have six containers of soil taken from three holes. 
Soil 
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Transect Soil Moisture Protocol 


Field Guide 


Task 


Collect soil moisture samples at a depth of 0-5 cm along a 50 meter transect. 


What You Need 
(One Point) 


Û Transect Pattern Soil «Q^, трка) 
is N 50cm 
Moisture Data Sheet © | 
Û Trowels (1 per student group) e » 
9 


О 13 soil sample containers weighed i 
and labeled with their mass and owe © © 
а container number н 6 


Û 50 meter tape or 50 meter 
Tope marked every 5 meters 


Û Rulers marked in millimeters "d 
ee * Temperature Probe Location 
(1 per student group) 


Q Science Log 
Q Pen or pencil 


In the Field 


- Complete the top portion of the Transect Pattern Soil Moisture Data Sheet. 


КТЕ 


Stretch out your торе or measuring tape along the transect you will measure. 


w 


. Locate your sampling point along the transect. Sample points should be every 5 meters along 
the transect, plus 2 extra samples taken at one end of the transect within 25 cm of the end 


point. Sample points should be numbered starting with Sample 1 at the beginning of the 
transect. 


Se 


Cut or pull away any grass or groundcover above your sample point. 


сл 


. Dig a hole 10-15 ст in diameter down to 5 cm. Leave this soil loose in the hole. 


6. Remove from the loose soil any rocks larger than a pea (about 5 mm), large roots, worms, 
Stubs, and other animals. 


м 


Use your trowel to fill your soil container with at least 100 g of the loose soil. 


mmediately seal the container to hold in the moisture. 


© 


i Fo the container number, mass, and distance to the start point of the transect on the Data 
heet next to the appropriate Sample Number. 
: Continue to collect a sample at each sampling point along the transect. Remember to remove 
) PI large roots, and animals. Seal each container and record the sample number and 
"stance from the start point of the transect on the Data Sheet. 
including the extra 2 samples taken near the end point, you should have 13 containers of soil 
aken from along your transect. 
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Depth Profile Soil Moisture Protocol - 


Field Guide 


Task 


Collect soil moisture samples at depths of 0-5 cm, 10 cm, 30 cm, 60 cm and 90 cm. 


What You Need 
О Depth Profile Soil Moisture О 5 soil sample containers weighed and labeled 
naf Sheet with their mass and a container number 
О Compass (to locate sampling point) Û Meter stick 
Ц Trowel О Science Log 
Ш Auger Û Pen or pencil 
In the Field 
1. Complete the top portion of the Depth Profile Soil Moisture 
Data Sheet. 
2 


. Locate your sampling point on the star and cut and pull away 
any grass or groundcover. 


w 


+ With the trowel, dig a hole 10-15 cm in diameter down to 5 
cm. Leave this soil loose in the hole. 


^. Remove from the loose soil any rocks larger than a pea (about 
5 mm), large roots, Worms, grubs, and other animals. 


Eu 


Use your trowel to fill your soil container with at least 100 g 
of the loose soil. 


e 


Immediately seal the container to hold in the moisture. 


мч 


Record the container number and mass on the Data Sheet next 
to Sample Depth 0-5 cm. 


8 cm. 
. Use the auger or trowel to remove all of the soil from the hole down to a depth of 


: cm deep. 
9. In a clean container, collect a soil sample that contains the soil between 8 and 12 € 


Remove rocks, large roots and animals. Seal the container. 


д 0 cm. 
Record the container number and mass on the Data Sheet next to Sample Depth 1 


} ecord the 
11. Continue to auger down to obtain samples centered at 30, 60, and 90 cm. Record 


container numbers and mass values on the Data Sheet. 
12. You should have 5 сој 
— last soil out, first in. 


| 
soil 
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Gravimetric Soil Moisture Protocol 
Lab Guide 


Task 


Weigh soil moisture samples, dry them completely, and weigh them again. 


What You Need 

О Soil drying oven Ч Hot pads or oven mitts 
(conventional or microwave) 

Û Thermometer capable of measuring Û Soil Moisture Data Sheet with field 
to 110° C (if using a conventional information filled in 


drying oven) 


Q Soil samples in containers suitable Û Science Log 
for your drying oven 


Û Balance or scale with 0.1 g sensitivity О Pen or pencil 
and at least 400 g capacity 
(600 g recommended) 


In the Lab 


= 


win 


i3 
3i 
6. 
ү 
8. 


10. 


. Calibrate the balance according to the manufacturers directions. In your science log, record 


the standard mass used to calibrate the balance. If using an electronic balance, check that the 
balance is measuring in grams and is zeroed properly. 


. Remove the lids from each soil sample. 


. Weigh the soil sample without the lid. Record the mass to the nearest 0.1 g as the Wet Weight 


next to the appropriate sample container number on the Soil Moisture Data Sheet. 
Repeat step 2 for the remaining soil samples. 

Dry your samples in your soil-drying oven. 

When your samples are dry, fill in drying time and drying method on the Data Sheet. 
Carefully remove the samples from the oven using the hot mitts. 


Weigh one of the dry soil samples. Record the Dry Weight next to the appropriate container 
number on the Soil Moisture Data Sheet. 


Repeat step 8 for each soil sample. 


Empty the soil from the containers. Clean and dry each container. (You may save the soil 
Samples in other sealed bags or containers for further tests or return the soil to your site) 


Note: Dried soi] should be returned to the site to fill in holes so site may be used in future years. 
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Frequently Asked Questions 

1. What should students do if they forgot to 
weigh the empty soil containers before filling 
them with samples in the field? 

The soil collection containers can be weighed at 
the end of the soil moisture protocols after 
emptying the dried soil and cleaning the 
containers thoroughly. Remember that any dried 
soil left in the container will lead to an inaccurate 
container mass. 


2. What should students do if the 
Soil is frozen? 

Take soil moisture measurements during 
times when the soil is thawed. 


3. The soil moisture site was watered 
accidentally. Should students continye too 
collect the next regular sample? 
Yes, but make a note in metadata comments 
regarding what happened and when it happened, 
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Gravimetric Soil Moisture 
Protocol ~ 
Looking At the Data 


Are the Data Reasonable? 

The first step a scientist takes when examining 
soil moisture data is to calculate the Soil Water 
Content (SWC) for each sample using the 
formula: 


(Wet mass — Dry mass) 
Soil Water Content = 


(Dry mass — Container mass) 


Soil water content typically ranges between 0.05 
and 0.50 g/g (grams of water per gram of dry 
soil). Even soils in dry (desert) regions retain a 
small amount of water, although surface soils in 
these regions can fall below 0.05 g/g. Soils with 
high organic matter or high clay contents can hold 
large amounts of water, so it is possible to measure 
values above 0.50 g/g. 


The amount of water a Soil horizon can hold 
depends on the amount of pore space (porosity) 
available. Porosity can be calculated by using the 
example given in the Looking At the Data section 
of the Soil Particle Density Protocol. 


Total porosity of a soil can range from as low as 
25% in compacted soils to more than 60% in well 
aerated, high-organic-matter soils. 


Looking at some examples helps to understand 
what different values of soil water content might 
mean. 


Soil Water Content and Soil Particle Density 


Consider an organic layer of soil with 50% Spaces 
or voids between the soil particles with half of 
these spaces filled with water. A 100 cm? sample 
would contain 50 cm? of soil, 25 cm? of water, 
and 25 ст? of air. Typical densities of two different 
soils and the density of water can be used to 
illustrate the value of the soil particle density. The 
mass of the air is negligible and the air will be 
present in both the wet and dry samples. 


50 cm? of soil x 1.0 g/cm? soil density = 50 g soil 


25 ст? of water x 1.0 g/cm? water density = 25 g water 


In this case the Soil Water Content would be 25 g of water divided by 50 g of soil or 0.5 g/g. 


Now consider a 100 cm? sample of a mineral soil with a density of 2.5 g/cm?. Again the sample contains 


50 cm? of soil, 25 cm? of water, and 25 cm of air. 


50 cm? of soil x 2.5 g/cm soil density = 125 g soil 


25 cm} of water x 1.0 g/cm? water density = 25 g water 
In this case the Soil Water Content would be 25 g of water divided by 125 g of soil or 0.2 g/g. 
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Different soils with the same porosity and the same 
amount of water present can vary significantly in 
the value of Soil Water Content, and 
understanding whether the values measured are 
reasonable or not is easier if the soil 
characterization protocols have been done fora 
horizon. 


others, affecting the 


flow of Water from one 
horizon to another. 


For example, if a sandy horizon is located above 
a clayey horizon, water moving through the sandy 
horizon will enter the clayey horizon Very slowly 
because of the difference between the large pores 
in the sandy soil and the Very small pores in the 
pores act as a tight layer 
that only lets water move gradually, so that the 


sandy soil may actually be much wetter at a given 
time than the clay. 


Soils are expected to show an increase in water 
content after a rain or during snowmelt, if the 
soil is not frozen or saturated. Soils gradually dry 
out during times with little or no precipitation. 
How the soil dries at different depths depends on 
the properties of the soil in each horizon. In some 
Cases, water enters the soil from below, when the 
water table rises, The water content in these soils 


may be more variable lower in the soil profile than 
at the surface. 


Examining graphs of data collected at three 
locations will help demonstrate the process to 
determine whether data is valid or not. The 
following graphs are used for this demonstration: 
Valdres, Norway (61.13 N, 8.59 E): Figure S0- 
GR-2, Stowe, Vermont (44.48 N, 72.708 W): 
Figure SO-GR-3 and Herrenberg, Germany 
(48.59 N, 8.88 E): Figure SO-GR-4. Each data 
Set includes rainfall, new snow rain equivalent, 
and soil moisture. 


Ifit rains, some of the rainfall is expected to soak 
or infiltrate into the ground and increase soil 
Moisture. This infiltration Starts happening 
immediately and can continue for several hours 
if water continues to be available from a steady 
rain or puddles. If infiltration continues until all 
the poor space is filled, then the soil becomes 
Saturated. Most soils drain rapidly, usually within 
hours or days. The field Capacity of a soil is the 
amount of water a soil will hold without 
downward drainage or redistribution, 


For the first two schools, the classes chose to take 
weekly measurements for three months. In this 
case, the protocol calls for taking measurements 
during periods when the soil moisture is 
changing. The students in Valdres, Norway knew 
from experience that melting winter snow would 
result in wet soils initially, then drying out 
gradually as summer approaches. Of course, nar 
Surface soil moisture can also increase during 
spring rains (as happened on May 28 and later in 
July). 


The students in Stowe, VT decided to monitor 
their soil moisture as it changed from dry summer 
conditions to wet fall conditions. Again, e 
surface soil moisture appears more e n 
drying significantly for a short period ear e 
October 2001. Conversely, the deeper 10 cm 
moisture shows fewer extreme changes. 


however, there are ti 


А take 
The class in Herrenberg, DE decided to 
not follow this 


to 
monthly measurements for 12 Wess 
investigate the seasonal cycle of soil pe the 
their area. Despite a relatively wet clim down, 
Soil moisture shows a gradual M at 
particularly at the surface. The soil wae year 
10 cm shows less variation for most of t 


Figure SO-GR-1 
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All three of these are interesting data sets. 
Comparison with precipitation has helped explain 
some of the variability while applying basic 
climatic knowledge has helped explain some of 
the longer-term trends. Knowing the soil 
characterization properties (texture, bulk and 
particle density, etc.) helps scientists and students 
understand more about how water is moving or 
stored in the soil. 


What do scientists look for in the data? 


Generally, scientists want to understand how water 
cycles through the local or regional environment. 
For example, they want to understand how 
precipitation and melting snow relate to increases 
in the water levels of streams, rivers, and lakes, 
Soil moisture measurements help to understand 
these Processes. When soil moisture 
measurements are available for a whole profile, 
they can be used to predict floods, droughts, or 
the optimal timing for crop irrigation. Scientists 
also use soil moisture data with soil temperature, 
Telative humidity and land cover data, to estimate 
the rate at which water is returned to the 


atmosphere through evaporation and 
transpiration, 


Phenology scientists look at the effect of soil 

S 9n the annual cycles of plants, such as 

js Top grasses. In some forested regions, 

тс egins in the spring when the soil 

Wis ee and then stops during the summer 
Soil becomes dry. 


Scientists are interested in soil moisture changes 
Over time. They are also interested in examining 
the regional or spatial patterns of soil moisture 
changes. Scientists focus on patterns rather than 
the absolute values of the measurements because 
soil moisture is a function of precipitation, soil 
texture, infiltration rate and local weather 
conditions, 


Scientists would like to know the soil water 
content over large areas and ultimately they hope 
to use remote sensing data from satellites to help 
measure this. Ground-based soil moisture data are 
required in order to develop and assess the 
methods for estimating soil moisture from 
satellites. By contributing to GLOBES semiannual 
soil moisture campaign, students are helping with 
this exciting scientific advance. 
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Figure SO-GR-2 
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An Example of a Student Research 
Project 

Observations 

Students at Stowe Elementary School in Vermont, 
USA collected ten gravimetric soil moisture 
samples over the autumn months. Figure SO-GR- 
3 shows a plot of their soil moisture and 
precipitation data. 


Forming a Hypothesis 

A common assumption is that soil moisture 
increases after a rainfall. While this tended to be 
the overall case for their surface soil moisture data, 
the students noticed that there were exceptions. 


They predicted that these exceptions occurred 
when soil moisture samples were not collected 
immediately after precipitation events. The 
students felt that soil wetting and drying would 
take longer and require more rainfall at 10 cm 
depths than the near-surface soil. After looking at 
their data, the students decided to test the 
lollowing hypothesis: Soil moisture at the surface 
will increase if more than 10 mm of precipitation has 
fallen in the previous 5 days and soil moisture at 10 
Ст will increase if more than 20 mm of precipitation 
has fallen in the previous 10 days. 


Collecting Data 


The students chose to analyze their data set first, 
and then look for other schools that had measured 
weekly near-surface soil moisture to see if they had 
similar relationships in their data. They broke into 
teams, one to analyze their data and the other to 
look for schools with at least 24 soil moisture 
observations and more than 100 precipitation 
observations in the same year. After printing the 
graph of their data, the students made a table of 
their data and downloaded it onto their computer. 


Analyzing Data 


One group of students used colored pencils to 
mark the five and ten-day periods that preceded 
each soil moisture observation and added the 
rainfall amounts for these times to get the total 
rainfall for each period. They organized their data 
into a new table, shown below (Table SO-GR-1). 
Another group of students calculated the change 
in soil moisture from one reading to the next and 
added this information to the table. Finally, the 
class decided whether the data supported their 
hypothesis or not. In a few cases, there was no 
change in soil moisture so they modified their 
original hypothesis to read, “.. .soil moisture should 
increase or stay the same ...” 


Table SO-GR-1: Sto we, VT 2001 Soil Moisture and Precipitation Data 


Date 5-day 5 cm Soil Change 10-day 10cm Soil Change in 
Precip. Moisture in Soil Precip. Moisture Soil 
Sum (cm) (g/g) Moisture Agree? бит (cm) (g/g) Moisture Аргее? 
9/7/0 1.0 0.32 18.6 0.27 

9/14/01 0.2 0.28 -0.04 Y 12 0.24 -0.03 X 
9/21/01 368 0.42 0.14 Y 37.0 0.33 0.09 Y 
9/28/01 30.0 0.45 0.03 Y 66.8 0.33 0 Ж 
10/5/01 0.5 0.45 0 Y 30.5 0.37 0.04 Y 
1012401 178 044 001 N RTS 035  .002 Y 
1017/01 11g 0.26 -0.18 N 29.6 0.35 0 Y 
10/25/0 33.5 0.4 0.14 Y 36.7 0.36 0.01 Y 
112/01 145 0.49 0.09 Y 223 0.3 — -0.03 N 
19/01 144 053. 0.04 ООШ ЕЕ ОШ О ВЕ QUT. у 
11/16/0 48 0.55 0.02 N 7.0 0.44 0.06 N 

70% SO 
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Overall, the students' hypothesis was consistent 
with 70-80% of their observations. They 
considered the results to reformulate a better 
hypothesis. For example, they considered 
changing the surface precipitation threshold to 12 
mm, or actually calculating the depth to which 
the soil would be wet based on the original soil 
Moisture content and the amount of rain that had 
fallen. By carefully examining the situations where 
the hypothesis failed, they might learn more about 
soil moisture. For example, the surface data from 


Further Research 


A similar analysis can be m 
schools. Table SO-GR- 
springtime data collected i 
percentage correct in each column is the same as 
for the Stowe, VT data set. 


we Students could look 
for other similarities or differences or try to find 
other locations around the world to see if this 


pattern is consistent. Although these students only 
looked at two years of data, they felt Mote 


ade of data from other 
2 reveals Tesults for 
n Valdres, Norway, The 


confident about predicting the relationship 


12 Oct. 2001 might be explained by the fact that | between Precipitation and soil moisture. 


all 17.8 mm fell on the first day of the 5-day period 
so it had time to evaporate or infiltrate into the 
ground. The students’ hypothesis might not work 
on 16 Nov. 2001 because the weather was colder 
and the soil was approaching saturation. 


Table SO-GR-2: Valdres, NO 2000 Soil Moisture and Precipitation Data 


Date 5-day 5 cm Soil ^ Change 10-day 10cm Soil Change in 
Precip, Moisture in Soil Precip. Moisture Soil 
Sum (cm) Moisture — Agree? Sum (cm) (g/g) Moisture Agree? | 
4/12/00 1.9 0.46 0.36 
4/16/00 A N ; 0.3 0.06 N 
-0.1 N 16.2 0.32 0.02 N 
[00m 35 —p39 а> 024 008 Y 
ооо у ag у: 0.28 004 ^N 
[3190 79 — —ox —315 ~ 2.6 0.22 -0.06. ji 
E CC CE ол oo Y| 
5/30/00 241 0.35 06 Y 28 0.22 0.01 | 
6/7/00 0 023 7 19775 Y 15 019 -0.03 Y 
6/18/00 34 019 0:04 Y 19 0.19 0 2 
7/3/00 T Y 
7/11/00 Y b 
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Bulk Density Protocol 


Purpose 
To measure the bulk density of each horizon in 
a soil profile 


Overview 

In the field, students collect three soil samples 
from each horizon in a soil profile using a 
container with a measured volume. In the 
classroom, students weigh the samples, dry them, 
and weigh them again to determine their dry mass 
and water content. Students then sieve the dry 
soil samples and measure the mass and volume 
ofany rocks and material with dimensions greater 
than 2 mm. Students use the Bulk Density Data Sheet 
to calculate the soil bulk density for each sample. 


Student Outcomes 

Students will be able to collect soil samples from 
the field and then measure their bulk density. 
Students will be able to apply mathematical 
formulas to calculate soil bulk density. Students 
Will be able to relate soil bulk density 
Measurements to soil particle density and porosity. 
Students will understand that a mixture of solid, 
liquid and gaseous matter may fill a volume. 
Science Concepts 

Earth and Space Sciences 

Farth materials are solid rocks, water and 
Bases of the atmosphere. 

Soils have Properties such as color, texture, 
Structure, consistence, density, pH, 
Moisture, and heat that support the 
growth of many types of plants. 


ils Consist of minerals, organic material, 
alr, and water. 


Water circulates through soil changing its 
Properties, 


Physica] Sciences 
Objects have observable properties. 
Scientific inquiry Abilities 
Identify answerable questions. 
“sign and conduct an investigation. 


So 


Use appropriate mathematics to analyze data. 

Develop descriptions and explanations 
using evidence. 

Communicate procedures and explanations. 


Time 
2 or 3 (50-minute) class periods 


Level 
Middle and Secondary 


Frequency 

Once for a soil profile 

Collected and prepared soil samples can be 
stored for study and analyses at any time during 
the school year. 


Materials and Tools 
Balance 
Metal sampling cans or other containers 
Permanent marker 
Wood block 
Hammer 
Nail 
Pencil or pen 
Trowel, shovel, or other digging device 
Drying oven 
Graduated cylinder 
Water 
Sieve 
Paper or plate to catch sieved soil 
Sealable plastic bags to store samples 
Bulk Density Data Sheet 


Preparation 

Collect required equipment. 

Calibrate the balance to 0.1 g. 

Determine the mass and volume of each can 
without the lid on and mark the value clearly on 
the can. 

Punch a small hole at the bottom of each can 
using a nail and hammer. 


Prerequisites 


Soil Characterization Protocol 
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Bulk Density Protocol ~ 
Introduction 


Soil bulk density measures how dense and tightly 
packed the soil is. It is determined by measuring 
the mass of dry soil in a unit of volume (g/mL or 
g/cm’). The bulk density of the soil depends on 
the structure (shape) of the soil peds, how tightly 
they are packed, the number of spaces (pores), 
and the composition of the soil particles. Soils 
made of minerals will have a different bulk density 
than soils made of organic material. In general, 
the bulk density of soils can Tange from 0.5 g/mL 
or less in organic soils with many pore spaces, to 
as high as 2.0 g/mL or greater in very compact 
mineral horizons. 


Bulk density is used to Convert between ү 
and volume for a soil sample. The volu 
soil sample can be calculated by dividing the 
sample mass by the bulk density of the soil 
Conversely, the mass of a soil sample can М 
calculated by multiplying the Sample volume by 
the bulk density of the soil. The fraction of pore 
space in a soil — its porosit Y — is calculated as one 
minus the ratio of bulk density to particle density, 


he Mass 
me ofa 


The bulk density of a soi sample needs to be 
adjusted for any rocks or Coarse fragments it 
contains. The bulk density measurement i 
valuable for understanding soil Processes suchas 
heat, water and nutrient exchange, but only if 
measured for soil material less than 2 mm in size, 
The following equation helps to correct the buk 
density for rocks in a soil sample: 


itn a м ы 


Mass of dry soil (g) — Mass of Rocks (g) 
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Bulk Density Protocol - 2 


Teacher Support 
Preparation 


Students should review the Bulk Density Field and 
Lab Protocol before they collect samples in the field. 


Students should have a basic understanding of 
mass and volume and calculating density before 
they begin this protocol. 


Teachers should demonstrate the various methods 
that can be used to determine volume before 
students measure the volume of their sampling 
containers. 


Cans and containers used for collecting soil 
samples must be weighed and their volume 
measured before they are brought into the field. 
Volume can be measured by first filling the can 
with water. The water is then poured from the can 
into a graduated cylinder and the volume is 
measured in mL. 


Holes need to be punched into the bottoms of the 
Sample cans or containers before they are used in 
the field. This allows air to escape so that the soil 
completely fills the container. Students know the 
volume of the container has been completely filled 
When soil begins to appear through the hole. 


Measurement Procedures 


In the field, metal cans or other containers are 
pushed into the soil horizons to obtain samples 
with specific volumes. 


When the students bring the soil samples back 
from the field, they measure the wet mass of the 
Soil before drying. Although this information is 
not used in the bulk density calculation, it helps 
Students make connections to soil moisture 
Content, 
Bulk densit 
Volume of 
excluding 
Or material, 
Inthe lab 
e ту 
Samples 
imensi 


Y is calculated from the mass of a given 
dry soil, including the air spaces, but 
materials larger than soil, such as rocks 
5 with dimensions greater than 2.0 mm. 


» Soil Samples are dried in order to obtain 

mass of the soil. After weighing, dry 
ate sieved and rocks or other material with 
Ons greater than 2 mm are separated. The 


material with dimensions greater than 2 mm is 
weighed in order to determine its mass, Its volume 
is determined by displacement in water. 


There are many potential sources of error for this 
Protocol. Taking three Teplicate samples for each 
horizon helps to minimize the overall error, Errors 
may occur if the sampling containers are not 
completely filled with soil, if the sides of the 
Sampling container are too thick and compress 
the soil, if the sampling container becomes badly 
deformed being pushed into the soil, if the soil is 
not completely dried, or if all rocks are not 
removed. 


Sometimes, after sievinga soil sample, small twigs 
are left. When they are put in water to measure 
their volume, they float. To measure their volume 
a lower density liquid, such as alcohol, is used 
instead of water. 


Managing Materials 


Metal sampling cans, such as those used in the 
Gravimetric Soil Moisture Protocol can be used for 
bulk density sampling. Containers other than 
sample cans may also be used to obtain soil 
samples. These should be thin walled (so as not 
to compress the soil), and have a known volume. 
Possible materials may include thin walled pvc 
pipe or other pipe and other types of cans, such 
as those used for tuna fish or cat food. Do not use 
glass or other materials that may break or be easily 
deformed. As long as volume can be calculated 
for the container, and it can be completely filled 
with soil, it is acceptable to have both ends open 
(such as would occur if using a pvc pipe). 


Supporting Activities 

Particle density is similar to bulk density, but it 
includes only the mass of the solid (mineral and 
organic) portion of the soil and the volume does 
not include the pore spaces where air and water 
are found. Bulk density and particle density data 
are used to determine the porosity of a soil. Have 
students measure particle density and calculate 
porosity. See Particle Density Protocol. 


Students remove rocks and materials from the soil 
samples as part of the bulk density. Have students 
follow the Particle Size Distribution Protocol to gain 
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a better understanding of the distribution of 
different sizes of soil particles in each horizon of 
a soil profile. 

Have students compare their bulk density data 
with the soil characterization data to determine 

whether there are correlations between the 

physical and chemical properties of each horizon 

and its bulk density. 


Questions for Further Investigation 


What human activities could change the bulk 
density of the soil? 


What natural changes could alter the bulk density 
of a horizon? 


How does bulk density affect the types of 
vegetation that can grow on a soil? 


How are soil texture and bulk density related? 
How are soil structure and bulk density related? 


How does bulk density affect the flow of water in 
soil? 


Soil Bulk Density 


Field and Lab Guide 


Task 


To obtain three bulk density measurements for each of the horizons in a soil profile 


What You Need 
Û Balance Û Graduated cylinder 
Û Sampling cans or other C] Water 


containers (enough for three 


| О #10 Sieve (2 mm mesh Openings) 
per horizon plus a few extra, in 


case some of the cans become bent) О Rubber gloves 
Q Permanent marker О Paper to catch sieved soil 
Q Wood block 
а Q Rolling pin, hammer, or other 
Q Hammer utensil for crushing peds and separating 
О Nail particles 
Ш репе] реп Û Trowel, shovel, or other digging device 


U sealable plastic bags, jars, or other Ч Bulk penso pariste 


containers to store samples and extra soil 


“a 


Q Drying oven 


In the Classroom Before Sampling 
1. Collect required equipment. 
2. Calibrate the balance to 0.1 g. 


3. Measure the mass and volume of each can without the lid on and record these measurements 
Onto the Bulk Density Data Sheet. 


4. Label each can with a number. 


5. Punch а small hole into the bottom of each can using the nail and hammer. 


Bulk Density Protocol - 5 soit 


Soil Bulk Density Field and Lab Guide - Page 2 


In the Field 
1. For each horizon in your soil profile, push a can into the side of 
the horizon. If necessary, wet the soil first in order to ease the can 
into the soil. Stop when soil pokes through the small hole in the 
bottom of the can. 


If it is difficult to push the can into the soil, place a piece of wood 
over the can and hit the wood with a hammer. This spreads the 
force of the hammer blow to all edges of the can at once and 
minimizes bending the can sides. If the sides of the can become 
bent, this will change the volume of the can and may compact the 
soil sample, affecting the measurement results. If the sides of a can 
bend beyond perpendicular, discard it and use another can 


Note: If you do not have a pit or other exposed soil profile you can 
measure the bulk density of the soil surface as follows. 


a. Choose three locations close to where your Soil Characterization 
Protocol was measured. Remove vegetation and other material 
from the soil surface. 


b. At each location, push a can with a known volume into the 
surface of the soil. If necessary, wet the soil first in order to ease 
the can into the soil. Stop when soil pokes through the small 
hole in the bottom of the can. 


2. Using a trowel or shovel, dig around the can to remove it 
and the Surrounding soil. Trim the soil from the top and 
around the edges of the can so that the volume of the soil 
is the same as the volume of the can. 


3. Cover the labeled can with its lid or other Cover. 


4. Repeat this procedure so that you have three bulk density samples 
for each horizon in your profile. 


oll 
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Soil Bulk Density Field and Lab Guide - Page 3 


In the Classroom After Sampling 


1. Remove the lid of the can. Weigh each sample in its can, and 
record this as the wet mass on the Bulk Density Data Sheet, 


2. Dry the samples in a soil-drying oven. See the Gravimetric Soil 
Moisture Protocol for instructions on drying soils. 


w 


‚ After the soils have dried, weigh each sample in its container 
and record this as the dry mass on the Bulk Density Data Sheet. 


= 


Hold a sieve (#10, 2 mm mesh) over a paper plate or large piece 
of paper (such as newspaper) and pour one sample onto the 
sieve. Put on rubber gloves to avoid contaminating your sample 
with acids from your skin. 


m 


Carefully push the dried soil material through the mesh onto 
the paper plate. Be careful not to bend the wire mesh by forcing 
the soil through. Rocks will stay on top of the sieve. If no sieve 
is available, carefully remove the rocks by hand. Save the sieved 
soil from each sample for the other lab analyses. 
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Soil Bulk Density Field and Lab Guide - Page 4 


6. If rocks are present, use the following procedure to determine the 
mass and volume of the rocks. 

a. Weigh the rocks and record this mass on the Bulk Density Data 
Sheet. 

b. Place 30 mL of water in a 100 mL graduated cylinder. Record 
this volume of water on the Bulk Density Data Sheet. Gently 
place the rocks in the water. Read the level of the water after all 
the rocks have been added. Record this volume of water on the ا‎ Jj 
Bulk Density Data Sheet. 


Note: As you add the rocks, if the 
volume of the water comes close to 100 
mL, record the increase in volume, 
empty the cylinder and repeat the 
procedure for the remaining rocks. In 
this case, you must record the sum of 
the water volumes with the rocks and 
the sum of the water volumes without 
the rocks. 


If you have sticks or other organic 
debris, substitute alcohol for water, and 
follow the same procedure. 


7. Transfer the rock-free dry soil from the paper under the sieve to 
Clean dry plastic bags or containers, Seal the containers, and label 
them with horizon number, top and bottom depth, date, site name, 
and site location. This soil can now be used for the other lab | 2n 
analyses. Store these samples in a safe, dry place until they are used. ———— — 
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Bulk Density Protocol = 
Looking at the Data 


Are the data reasonable? 

Typical bulk density values for soils average 
around 1.3 g/mL (g/ cm? ) for mineral particles. 
However, they can be as high as 2.0 g/mL (g/cm?) 
for very dense horizons, and as low as 0.5 g/mL 
(g/cm?) or lower for organic soils. 


To calculate the bulk density of a soil sample 
complete the calculations on the Soil Bulk Density 
Data Sheet. 


What were the results of your data? 


If the bulk density for a soil sample is «1.0, it has 
a very low density and may have a high organic 
matter content. In order to identify organic matter, 
look for a dark color and the presence of roots. 
Many times, soil horizons on the surface are high 
in organic matter, 


Ifthe bulk density for a soil sample is near 2.0 or 
greater, it is a very dense soil. Soils become dense 
ifthey have been compacted and do not have high 
Organic matter content, This is common in surface 
soils on which people walk or where machinery 
has compressed the soil. Soils with massive or 
single grained structure will have higher densities 
than soils with granular or blocky structure. The 
texture of the soil can also affect the bulk density. 
In general, sandy soils have a higher bulk density 
than clayey or silty soils, 


lf the bulk densities of soil samples do not seem 
to be consistent with the other properties of the 
same horizon (color, structure, texture, depth in 
Ше profile, root content), then there may be an 
ertor in the measurement. The methodology and 
calculations should be checked for errors. 


What do scientists look for in these 

ata? 

hi то Scientists use information about 

Ў ЧК density, particle density, and porosity. 

mda bulk density to estimate how tightly 
the soi] Components are in each horizon. 
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Soil Particle Density Protocol 


Purpose 
To measure the soil particle density of each 
horizon in a soil profile 


Overview 
Students weigh a sample of dry, sieved soil from 
a horizon, mix it with distilled water and then 
boil the mixture to remove any air. The mixture 
cools fora day and then students add water until 
the volume of the mixture is 100 mL. Students 
measure the temperature and mass of the final 
mixture and use the Soil Particle Density Data 
Sheet to calculate the soil particle density. Three 
| samples should be measured for each horizon. 


Student Outcomes 


Students will be able to apply laboratory tests 
for particle density to soil samples. Students will 
be able to calculate soil particle density and 
porosity using mathematical formulas. Students 
will be able to relate soil particle density to bulk 
density and porosity. 


Science Concepts 
Earth and Space Sciences 


Farth materials are solid rocks, soil, water 
and pases. 

Soils have Properties such as color, texture, 
Structure, consistence, density, pH, 
Moisture, and heat that support the 
growth of many types of plants. 

Soils Consist of minerals, organic material, 

| air, and water. 


| Physica] Sciences 
Objects have observable properties. 


| Scientific inquiry Abilities 


Identify answerable questions, 

Design and Conduct an investigation. 

| y appropriate mathematics to analyze 
ata. 


р 1 H 2 
р descriptions and explanations 
using evidence. 


Communicate procedures and 
explanations, 


Time 
Two 45-minute class periods 


Level 
Middle and Secondary 


Frequency 
Three times for each horizon in a soil profile 


Collected and prepared soil samples can be 
stored for study and analyses at any time 
during the school year. 


Materials and Tools 

Oven-dried, sieved soil 

100-ml volumetric or Erlenmeyer flask(s) 
with cap(s) or stopper(s) 

Distilled water 

Pencil or pen 

Small funnel 

Thermometer 

Balance accurate to within 0.1 g 

Squirt bottle for washing soil out of 
beaker 

Hot plate or Bunsen burner or other heat 
source 

Oven mitts or tongs 

Soil Particle Density Data Sheet 


Preparation 
Dry and sieve soil samples; store them in 
sealed containers. 


Collect required equipment. 


Calibrate the balance to 0.1 g. 
Prerequisites 


Soil Characterization Protocol 
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Soil Particle Density 
Protocol ~ Introduction 


The particle density of a soil measures the mass 
in a given volume of particles (mass divided by 
volume). Particle density focuses on just the soil 
particles and not the volume they occupy in the 
soil. Bulk density includes the volume of the solid 
(mineral and organic) portion of the soil and the 
spaces where air and water are found. The density 
of soil particles is determined by the chemical 
composition and structure of the minerals in the 
soil. See Figure SO-DE-1. 


Particle density data is used to better understand 
the physical and chemical properties of the soil. 
For example, the particle density indicates the 
relative amounts of organic matter and mineral 


Figure SO-DE-1 


particl 
sample 


particle 
such as 


Particle 


studen 
underst 


data to c 
occupie 
this knowledge 


ecosystem of an area 
moisture measurements. 


es in a soil sample, Th 
composition and 


e chemical 


structure of minerals in a soil 


can be deduced by comparing the soil 
density to the known densities of minerals 


quartz, feldspar, micas, magnetite, gamet, 
or zircon 


density data is also used with bulk density 
alculate the pore space (porosity) 


d by air and water in a soil sample. With 


about the properties of a soil 


Ü 


ts and scientists Bain a better 
anding of the soils function within the 


and can better interpret soil 


Volume Mixture of 
for air, water, 
Bulk minerals and 


Density organic matter 


Volume 
for 

Particle 
Density 


Solids 
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Soil Particle Density Protocol - 2 


Teacher Support 
Preparation 


Have students conduct the Bulle Density Protocol 
in order to gain a better understanding of density 
as a measure of the amount of mass in a given 
volume. Students also need to measure bulk 
density in order to calculate soil porosity. 


Measurement Procedures 


To calculate soil particle density, students measure 
the mass and the volume of only the solid particles 
inasoil sample, not the air and water found within 
the pore spaces between the particles. 


Students carry out this measurement by putting 
soil sample in a flask with distilled water. The 
soil/water mixture is boiled to remove all air from 
the sample. After the mixture has cooled, water is 
added to the mixture to obtain a specified volume. 
The mass of this mixture is then measured. The 
mass of the water is then subtracted from the mass 
of the soil and water. The particle density is 
calculated from the mass of the solid particles in 
a specified volume. 


Safety Precautions 


Students need to know how to safely use Bunsen 
burners or other heating elements for boiling the 
Soil/vater mixtures. 


Students should practice using tongs or oven mitts 
to lift the Volumetric or Erlenmeyer flasks that 
hold the Soil/water mixtures, 


Students should boil practice mixtures of soil and 


Water to ensure they do not let the actual soil 
samples boil over. 


Supporting Activities 


Have Students compare their soil characterization 
ala With soi] particle density data to see if they 

Can correlate the horizons’ physical and chemical 

Properties with their soil particle densities, 


Questions for Further Investigation 


What natural changes could alter particle density 
of a horizon? 


How does parent material affect the particle 
density of a horizon? 


How does particle density affect soil lemperature? 


What is the relationship between particle density 
and plant growth? 


How can particle density affect the Way water 
moves through the soil? 


Does particle density relate to soil color? If so, 
how? 


Does particle density relate to the presence of 
carbonates? If so, how? 


How does particle density relate to the uses of a 
soil? 


Does particle density relate to particle size 
distribution? If so, how? 
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Soil Particle Density 


Lab Guide 


Task 


To measure the particle density of a soil sample 


What You Need 
Q Oven-dried, sieved soil 


О Distilled water 

Û Small funnel 

О Balance accurate to 0.1 g 
О Squirt bottle 


Û Oven mitts or tongs 


In the Lab 


1. Place distilled water in squirt bottle. 


2. Measure the mass of the empty flask without its cap 
Record the mass on the Soil Particle Density Data Sheet 


w 


transfer all the soil into the flask 
and not to spill any soil outside 
the flask (Note: if soil is spilled 
outside the flask, do this step over 
with another 25 8 sample). 


4. Record the length of time since the 
Soil was dried in an oven, and how 
the soil has been stored (e.g. in 


plastic bag, air tight container, 
other). 


%л 


- Measure the mass of t 
on the Soil Particle Density Data Sheet. 


Measure 25 g of dried, sieved soil. Place soil in the flask | 
using the funnel. Since it is important to have all 25 g of soil in the flask, be careful to 


О Three 100 ml volumetric or Erlenmeyer flasks 
with caps or stoppers 


О Pencil or pen 
Û Thermometer 
Q Squirt bottle for washing soil out of beaker 


C) Hot plate or Bunsen burner or other heat source 


Q Soil Particle Density Data Sheet 


d the mass 
he flask containing the soil (without the stopper/cap). Recon M 
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‚ Once the flask has cooled, cap the flask and let it sit for 24 hours. 


: Weigh the 100 mL-soil/water mixture in the flask 


кә 


Use the squirt bottle to wash any 
flask down to the bottom of the 
water to the soil in the flask. 


soil sticking to the neck of the 
flask. Add about 50 ml of distilled 


Bring the soil/water mixture to a gentle boil by placing the flask on 
a hot plate or holding it over a Bunsen burner. Gently swirl the 
flask for 10 seconds once every minute to keep the soil/water 
mixture from foaming over. Boil for 10 minutes to remove air 
bubbles. 


Remove the flask from the heat and allow the mixture to cool. 


After 24 hours, remove the 
Stopper/cap and fill the flask with 
distilled water so that the bottom 
of the meniscus is at the 100 mL 
line. 


(without the Stopper/cap). Record the mass of the 
mixture on the Soil Particle Density Data Sheet. 


Place the bulb of the thermometer in the flask for 2-3 
minutes. When the temperature has stabilized, record the 


gj erature of the mixture on the Soil Particle Density Data 
eet 


il 
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Particle Density Protocol- 
Looking at the Data 


Are the data reasonable? 


Typical particle densities for soils range from 2.60 
to 2.75 g/cm: for mineral particles. However, they 
can be as high as 3.0 g/cm’ for very dense particles 
and as low as 0.9 g/cm? for organic particles. In 
order to calculate the soil particle density for your 
sample, use the information from the Soil Particle 
Density Data Sheet and follow the steps given in 
the Calculation Work Sheet. 


What do scientists look for in these 
data? 


Particle density measurements provide 
information about the kinds of material present 
in a soil. If the particle density is high, we know 
that the parent material of the soil consists of 
minerals that have a high density, This information 
provides insight into the geologic history of the 
soil. A low particle density («1.0 g/cm?) indicates 
high organic matter content. It also provides 
information about the potential release of carbon 
from the soil into the atmosphere as the organic 
matter decomposes over time. 


Scientists are also interested in knowing how 
much space is in the soil (porosity). This 
information tells them how much air and water 
can be stored in the soil profile. It also tells them 
the rate at which air, water and heat will move 
through the soil profile. By knowing this they can 
better understand the behavior of the soil, predict 
flooding, verify the types of life the soil can 
support, identify how the soil may change, and 
determine how the soil may be best used for 
human activities. 


Calculating Soil Porosity 


The amount of pore space, or porosity 


of the soil 
calculated according to the following a 


equation: 
1 Bulk Density 

Se eh 1908 1 
( Particle =A. * Porosity (%) 


Bulk Density = mass of dry soil / total volume oj 
soil and air 


Particle Density = mass of dry soil / volume ofso! 
particles only (air removed) 


Bulk Density Volume of dry soil 


Particle Density “Volume of dry soil and pore spat 


This value will always be less than or equal to 1. $ 
the value (1 - Bulk Density/Particle Density) wil 
be between 0 and 1. This value is then multiplied 
by 100 to calculate the percent porosity. 

For example, students take three soil samples fo 
bulk density and soil particle density for eid 
horizon at the soil pit at their Land Cover Sampl 
Site. After performing the Bulk Density and Sil 
Particle Density Protocols, they determine: 


Bulk Density: 

Mass of dry soil = 395 g 

Total soil volume = 300 cm’ 

Bulk density (mass of dry soil/total soll 
volume): 

395 g/300 cm? = 1.32 g/cm’ 
Particle Density: 


Mass of dry soil = 25.1 g d 
9,5 mL (ст?) 


Volume of dry soil = 
density (mass of dry 


To calculate particle У 
soil/volume of particles only): 
c 3 
25.1 g/9.5 ст? = 2.64 g/cm 
Porosity: 


iy 
А for po 
Using these values in the equation 


t 


a) X 100 = 50% 


2.54 
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Figure 5 O-DE-2: A Good Soil for Most Plant Growth 


Pore Space 50% Solids 50% 


Minerals 


Air 25% 45% 


Water 25% 


| , 
| Organic 
, Matter 5% 


Thus, 50% of the total soil is pore space. The pore 
space at this site may be filled by either air or 
water or a combination of both. 


A good soil for growing plants contains about 50% 
pore space and 50% solids. The pore space should 
be filled half with air and half with water, and the 
solids should be a mixture of minerals with some 
organic matter. See Figure SO-DE-2. 


سلسم 


Volume of Water (mL) 
Volume of Soil (mL) 


Volume of Water (mL) 
Volume of Pore Space (mL) 


= Soil Water Content (g/g) x 


Volume of Pore Space (mL) = 


Soil Water Content (g/g) 
Porosity 


In some cases, certain plants, such as rice or 
wetland species, require much more water than 
air in the soil pore spaces in order to grow properly. 
For other uses of the soil, such as for building 
roads or foundations, the soil should have much 
more air than water occupying its pore spaces. 


While the porosity reveals the amount of total pore 
space the soil has, it does not tell exactly how 
much air or water is in the soil at a given time. 
The amount of water in the soil is determined 
through the methods of the Soil Moisture Protocol. 
The total pore space can be determined and the 
amount of that space occupied by air and water 
becomes known. This information determines 
how well plants will grow, whether the soil is dry 
or saturated, and what is the best plan for 
managing that particular soil. 


How saturated is a soil? 


The Soil Moisture Protocol measures Soil Water 
Content (SWC) as the ratio of the mass of water 
to the mass of dry soil in a sample. Knowing the 
soil particle density, the bulk density, and the 
density of water, the ratio of the volume of water 
to the volume of soil may be calculated along with 
the percentage of the pore space filled with water. 


Bulk Density (g/cm?) 
Density of Water (g/cm?) 


Porosity x Volume of Soil (mL) 


Bulk Density (g/cm?) 
Density of Water (g/cm?) 


j ESWC = 0.20 g/g, Bulk Density = 1.32 g/cm?, Density of Water = 1,00 g/em?, and 


Porosity = 0,50 (50%), then 


Percentage of Pores Filled with Water = 


Volume of Water 
Volume of Pore Space 


3 
pe 020gg ааьан е ral, 
7251050 1.00 (g/cm?) 
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Investigations 

Students from the Grassland School in Illinois, 
USA, wanted to determine the amount of water 
their soil held. They were concerned about 
flooding during the approaching rainy season. 
They characterized the soil at their school and took 
samples from four horizons to a depth of 100 cm. 
They knew that if they calculated both the particle 
density and bulk density of each horizon, they 


Table SO-DE-1 


Table SO-DE-2 


Horizon 1 


A___ Mass of soil + empty flask (g) 
B Маѕѕ of empty flask (g) 

C Mass of soil (g) (A — B) 

D Mass of water + soil «flask (g) 
E  Massof water (D — A) 

F _ Water Temperature (©) 


H — Volume of water (mL) (E/G) 
I Volume of soil (mL) (100 mL — H) 
J Soil particle density (g/mL) (СЛ) 


Mean of Particle Density of Horizon 
(from 3 Replicates) 


Top depth | Bottom Depth | Thickness (cm) 
(cm) (cm) (bottom-top depth) 
See rt UC 7 cal O | 


1 
Silty clay loam 
BE SO 35 | Silty chy 
70 


= 


| 


G Density of water (g/mL) (approximately 1.0) 


" 


could determine the porosity of the soi]. Knowi 

the porosity of the soil would allow the students 
to know how much space each horizon had i 
hold water. For each of the horizons, the Students 
determined the particle density and bulk density 
following the GLOBE protocols. soil 
Characterization data for each of the four horizons 
the students studied is given in Table SO.DE.], 
Table SO-DE-2 shows how the students 
determined the Particle Density of the soil in 


Horizon 1. 
Texture 
(by feel) 


Silt loam 


Main Color 


T.5YR 5/6 
T.5YR 6/8 


35 
30 


Clay 


Bulk Density 
(mean) 


d 
[3 
3 
[3 
Zz 
= 
B 
= 
& 
ч 


pg о =“) 
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The students used the same method to calculate 
particle density values for the other three horizons. 
The results (based on the mean of three replicates 
for each horizon) were: 


Horizon 1: 2.0 g/mL 
Horizon 2: 2.6 g/mL 
Horizon 3: 2.5 g/mL 
Horizon 4: 2.5 g/mL 


The students noticed that there were differences 
in the particle density values for the four horizons. 
The biggest difference was in the first horizon, 
which had the lowest particle density value. They 
investigated their soil characterization data for 
clues as to why the particle density of the first 
horizon was lower than the others. They noticed 
that the color of the first horizon was much darker 
than the others, indicating that this horizon had 
a higher organic matter content. The structure of 
the soil in the first horizon was granular while in 


Table SO-DE-3 


the other horizons it was blocky. Granular 
Structures are common in soils where roots are 
abundant. The students had observed many roots 
in the first horizon as well. The first horizon also 
had a friable consistence and a lower bulk density 
than the other horizons. These properties allow 
Toots to spread easily throughout this horizon. 


The students hypothesized that the lower particle 
density value they found in Horizon 1 was the 
result of the roots at this depth in the soil. With 
this information, the students decided to calculate 
the porosity of each of the soil horizons. Using 
the mean values for particle density and bulk 
density, they calculated the porosity using the 
following equation: 


Bulk Density 
- ———_—_} x 100 = Porosity (%) 
Particle Density 


Their results for porosity of each of the four 
horizons is given in Table SO-DE-3. 


Bulk Density (BD) | Particle Density (PD) | BD/PD | 1-BD/PD | _ Porosity 
| | TOR oi 
5096 
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Alter examining these data, the students could see 
that the first soil horizon, with its high organic 
matter content, was more porous than the lower 
horizons that consisted mainly of minerals. The 
lowest horizon, which had no roots, also had a 
relatively high porosity value. The students' 
hypothesis was that this horizon had small pores 
between each of its particles. They deduced this 
from their texture measurement of this horizon 
that indicated it was clay. 


The students also reasoned that because there is 
more pore space in Horizons 1 and 4, these 
horizons have the capacity to hold more rainwater 
than Horizons 2 and 3. To test this hypothesis, 
they decided to determine the soil water content 
according to the Soil Moisture Protocol. They would 
then determine the bulk density and thickness of 
each horizon to convert from mass to volume, and 
calculate the amount of rain that would be needed 
to saturate the soil profile. 


"c o CENE. 
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Particle Size Distribution 


' Protocol 


Purpose 
To measure the distribution of different sizes of 
soil particles in each horizon of a soil profile 


Overview 

Using dry, sieved soil from a horizon, students mix 
the soil with water and a dispersing solution to 
completely separate the particles from each other. 
Students shake the mixture to fully suspend the 
soil in the water. The soil particles are then allowed 
to settle out of suspension, and the specific gravity 
and temperature of the suspension are measured 
using a hydrometer and thermometer. These 
measurements are taken after 2 minutes and 24 
hours. 


Student Outcomes 


Students will be able to apply laboratory tests for 
particle size distribution to soil samples. Students 
will be able to apply mathematical formulas to 
calculate soil particle size distribution as a percent 
| ofsand, silt, and clay. Students will be able to relate 
soil particle size to suspensions, specific gravity, 
and settling rates. 


Science Concepts 
Earth and Space Sciences 

Earth materials are solid rocks, water and the 
gases of the atmosphere. 

Soils have properties of color, texture and 
composition; they support the growth of 
many types of plants. 

Soils consist of weathered rocks and. 
decomposed organic material. 

Physical Sciences 
| Objects have observable properties. 
Scientific Inquiry Abilities 
| E answerable questions. 
ous and conduct an investigation. 
S€ appropriate mathematics to analyze data. 


De TER А ; 
velop descriptions and explanations using 
evidence, 


Communicate procedures and 
explanations. 


Time 
3 class periods 


Level 
Middle and Secondary 


Frequency 


Three times for each horizon in a soil profile 


Materials and Tools 


Oven-dried, sieved soil 

500-ml graduated cylinders (minimum of 
three recommended) 

Distilled water 

1 empty plastic 2-liter bottle with top 

Soil Dispersing Reagent (Sodium 
Hexametaphospate) 

Spoon or glass rod for mixing 

250 mL or larger containers (minimum of 
three recommended) 

Thermometer 

Hydrometer 

100-mL graduated cylinder 

Pencil or pen 

Squirt bottle for washing soil out of 
beaker 

Meter stick 

Plastic wrap (or other cover for cylinder) 

Balance accurate to 0.1 g 

Soil Particle Size Distribution Data Sheet 


Preparation 

Dry and sieve soil samples, and store them in 
sealed containers. 

Collect required equipment. 

Calibrate the balance to 0.1. 

Prepare dispersing solution. 


Prerequisites 


Soil Characterization Protocol 
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Particle Size Distribution- 
Introduction 


The amount of each particle size group (sand, silt, 
or clay) in a soil is known as the soil particle size 
distribution. The texture measurement in a soil 
characterization is only an approximate measure 
of the amount of each particle size group in a soil 
sample. By performing the Particle Size Distribution 
Protocol, these estimates can be checked by 
measuring more exactly the amount of each of 
the particle sizes in a sample. 


Sand is the largest soil particle size (2.0 mm -0.05 mm), 
silt is intermediate in size (0.05 mm - 0.002 mm), 
and clay is the smallest (less than 0.002 mm). 
Particles greater than 2 mm are called stones or 
gravels and are not considered to be soil material. 


2.0 mm 0.05 mm 0.002 mm 


Stones Sand Silt Clay 


When a mixture of particle sizes is suspended in 
a column of water, the heavy large particles settle 
first. When a soil sample is stirred or shaken, sand 
particles will settle to the bottom of the cylinder 
after 2 minutes, while the clay and silt size particles 
will stay in suspension. After 24 hours, the silt 
particles will settle, leaving only the clay in 
suspension. 


By using tables and charts, the exact percentage 
of sand, silt, and clay can be calculated and the 
textural class name can be determined for a soil 
sample. 


Teacher Support 
Preparation 


Before conducting the Particle Size Distribution 
Protocol have the students do the following 
activity: 
1. Pour a mixture of sand, silt and clay intoa 
glass jar until it is about 1/3 full. 
2. Fill the jar with water. 
3. Put a lid on the jar and shake it. 
4. Observe what happens to the soil 
particles. 
Teachers can relate student observations to the 
Particle Size Distribution Protocol by discussing 
how results will differ before and after a dispersing 
solution is added. 
Before conducting the Particle Size Distribution 
Protocol, have students measure the texture of the 
soil horizon by feel. 


Explain how to use a hydrometer and have 
students practice taking measurements. 


Have students practice mixing a soil sample. Ust 
plain water, a 500 mL graduated cylinder, anda 
plastic wrap cover. 


Make sure students understand the concept of 
Specific Gravity. 


Measurement Procedures 

Sand, silt, and clay particles are rarely found 
separately in soils. Instead, they ate usual | 
clumped together in aggregates called Ж. j 
“dispersing” solution is used to separate 
particles from each other. 


The amount of sand, silt and clay are sa) 
according to the rate at which each partic E 
settles in water. If the particles are not “Т be 
completely from each other, results ae 
incorrect because aggregates of smaller ра 
will settle like larger particles. 


: ity of @ 
A hydrometer measures the specific m T ed 
liquid or suspension. Specific Gravity 
as the mass of a liquid relative (0 ps d water At 
equal volume of water. In pure а | 
20° C, the hydrometer reading willbe L^. cj 


il i i ter, the Se^" 
soil is suspended in the wa wi 


and therefore the hydrometer те а 
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Figure-SO-PA- 1 


Inorder to measure the specific gravity of the soil/ 
water suspension for this protocol, the hydrometer 
is placed in the soil suspension 30 seconds before 
the reading is to be made to allow the hydrometer 
to become still in the water. At the appointed time 
(at 2 minutes and again at 24 hours), the 
hydrometer is read at the level where the number 
scale touches the surface of the water. 


To read the new value, always start with 1.0 and 
then add the last 2 numbers based on the position 
on the hydrometer. For example, the hydrometer 
reading in Figure SO-PA-1 and Figure SO-PA-2 
is: 1.008 


The initial sample preparation for this protocol 
et be done in advance. The protocol itself can 
е done in two class periods on successive days. 


Managing Materials 


у ideal material for dispersing soil is Sodium 
‘xametaphosphate. This compound can be 
F as “Soil Dispersing Material” from 
^a est distributors or from a chemical 
а, ouse. An alternative for dispersing soil 
а 515 a non-sudsing soap used for washing 
uh E as standard automatic dishwasher 
Sodium 15 Important that this soap contains 
and phosphate and does not produce suds 


that wi 
di E make the hydrometer measurements 


Read 
Hydrometer 


The Hydrometer 
Reading is 1.008 


Figure-SO-PA-2 


GLOBE wants students to do this protocol three 
times for each soil horizon. If teachers have three 
500 mL cylinders and three 250 mL containers 
(jars or beakers), then students can measure three 
samples at the same time. If teachers have more 
equipment, students can measure multiple 
horizons at the same time. 


Questions for Further Investigation 
What natural changes could alter the particle size 
distribution of a horizon? 

How does the particle size distribution affect the 
types of vegetation that can grow on a soil? 
How does climate affect the particle size 
distribution of a horizon? 

How does parent material affect the particle size 
distribution of a horizon? 

How does particle size distribution affect soil 
temperature? 

How does particle size distribution affect soil 
fertility? 

How does particle size distribution affect soil 
moisture? 

How do streams, rivers, and floodwaters affect the 
textures of stream and riverbeds and soil in river 
deltas? 
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Soil Particle Size Distribution 
Lab Guide 


Task 


To determine the particle size distribution for each horizon in a soil profile 


What You Need 

О Dry, sieved soil Û 100-mL graduated cylinder 

C] 2 Liters distilled water О Pencil or pen 

C] Three 250 mL or larger, beakers Û Soil dispersing reagent 

Û 1 empty plastic 2 liter bottle Û 500-mL clear cylinders 

Û Hydrometer C] Squirt bottle for washing soil out of beaker 
Û Thermometer О Meter stick 

Q Plastic wrap (or other cover for cylinder) Û Balance accurate to within 0.1 g 

О Particle Size Distribution Data Sheet 


In the Lab 


1. Prepare the dispersing solution by mixing 50 g of Sodium 
Hexametaphosphate (or other soil dispersing agent) in 1 L of distilled 


water. Stir or shake until the dispersing agent has completely 
dissolved. 


2. Weigh 25 g of dried, sieved soil and 
pour it into a 250 mL or larger 
container. 


® 
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soi Particle Size Distribution Lab Guide - Page 2 


: 3, Add 100 mL of the dispersing solution and 50 mL of distilled water to the beaker. Stir 
vigorously with a spoon or stirring rod for at least one minute. Be sure the soil is thoroughly 
mixed and does not stick to the bottom of the beaker. Do not let any of the soil suspension 
spill out the top. Rinse any soil off the spoon or stirring rod into the container using a little 
distilled water. 


= 


While the soil suspension is sitting, measure the distance between 
the base and the 500 mL mark of the cylinder. Place the meter stick 
inside the cylinder to get this measurement. 


Read the temperature at which your hydrometer has been 
calibrated (such as 15.6° C [60° F] or 20° C). This value is found 
ч on the body of the hydrometer. 


\л 


‚ Complete the top section of the Particle Size Distribution Data Sheet. 


6. After at least 24 hours, stir the suspension in the container and 
pour it into a 500 mL graduated cylinder. Use a squirt bottle to 
rinse all soil out of the container and into the cylinder. 
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7. Add enough distilled water to fill the cylinder to the 500 mL mark. 


8. Securely cover the top of the cylinder using plastic wrap or other 
cover. Place your hand over the mouth of the cylinder and mix the 
soil suspension vigorously by rotating the covered cylinder hand- 
overhand at least 10 times. Be sure that the soil is thoroughly 
mixed in the suspension and that no soil is sticking to the bottom 
of the cylinder. Also, try not to let any of the soil suspension leak 
out of the top of the cylinder. 

. Gently set the cylinder down in a safe place and immediately begin 
timing with a stopwatch or clock that has a second hand 

10. Record the time that the cylinder was set down to the second. (In 
the example to the right, the starting time is: 10:05 and 0 
seconds.) 

11. After 1 minute and 30 seconds has passed, carefully lower (do 
not drop) the hydrometer into the cylinder and let it float in the 
soil suspension. Carefully steady the hydrometer to stop its 
bobbing motion. 


© 


Time Cylinder was set Time Hydrometer is read 


down 


і 


rometer that 5 


12. At exactly 2 minutes after the cylinder was set down, read the line on the hydro le Size 
ticle 


Closest to the surface of the soi uspensi 
8 Soil suspension and recor: number on the Par 
Distribution Data Sheet. p 


ы 
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р 13. Remove the hydrometer, rinse it away from the cylinder, dry it and 
gently put it down in a safe place. 


14. Suspend the thermometer in the suspension for about one minute. 


15. At the end of a minute, lift the thermometer from the suspension 
enough so that you can read the temperature and record the result 
on the Particle Size Distribution Data Sheet. 


16. Rinse the thermometer off and dry it. 


17. Leave the cylinder undisturbed for 24 hours. After 24 hours, take 
another hydrometer and temperature reading. Record the results 
on the Particle Size Distribution Data Sheet. (The 24-hour 
hydrometer reading should be 24 hours from the initial timing 
start.) 


18. Discard the soil suspension by pouring it into a special pail and spill the contents outside in a 
special place for discarding soil materials. 
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Looking at the Data 


Note: If you need help, see the example on page 12. 
A. Calculate the Percent Sand, Silt, and Clay in Your Soil Sample Using the 


Following Work Sheet: 


1. In A, enter the 2-minute hydrometer 
reading. 


N 


. In B, enter the 2-minute temperature 
reading. 


3. In C, enter the grams of soil/L in 
suspension using the hydrometer reading 
in A and converting it with Table SO-PA-1 
on page 11. 


4. In D, multiply the difference between the 


1 


1 


temperature reading (from B) and 20° C by 
.36 to correct for temperatures above or 
below 20° C 


wn 


- In E, enter the sum of grams of soil/L (from 
C) and the temperature correction (from D). 


a 


. In F multiply the value for g/L of soil from 
E by .5 to correct for the fact that you have 
used a 500 mL cylinder. 


D 


In G, find the grams of sand in your 
sample, by subtracting grams of silt + clay 
in suspension (F) from the initial 25 g total 
soil in the sample. 


Ф 


In Н, determine the exact percentage of 
sand, by dividing grams of sand by the 


total amount of soil (25 8 and multiplying 
by 100. 


© 


. In I, enter the hydrometer reading 
measurement at 24 hours. 


0. In J, enter the 24-hour temperature 
reading. 


i 


- In K, enter the grams of soil/L in 
Suspension at 24 hours (clay) using the 
hydrometer reading in I and converting it 
with Table SO-PA-1 on page 11. 
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A. 2 minute hydrometer reading __ 8900 
B. 2 minute temperature reading 


— Е 


C. Grams/L of soil (silt + clay) from table 


8 


D. Temperature correction [0.36 x (B-20° C)] 
[0.36 x ( B - 20)] = — ШШШ 


E. Corrected silt and clay in suspension (C+D) 
С +D 


=e 


E Grams of soil (silt + clay) in 500 mL 
(E х 0:5) = ELA 


G. Grams of sand in sample | 
)=.______——— 


(25 g-F. 
H. Percent Sand Ф 
(С / 25) x 100]- ——— —— s 


І. 24-hour hydrometer reading ڪڪ‎ 
€ 
J. 24-hour temperature reading — — il 


i 
K. Grams/L of soil (clay) from table —— 
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p 12. 


In L, multiply the difference between the 
temperature reading at 24 hours (from J) and 


L. Temperature correction [0.36 x (B-20° C)] 


0.36 x (J -20 ©] = 


Б 
20? C by .36. 
13. In M, enter the sum of grams of soil/L (from K) M.Corrected clay in suspension (C+D) 
and the temperature correction (from L). K ЕТ A g 
14. In N, multiply the number in M by .5 to correct N, Grams of soil (clay) in 500 mL 
for the fact that you have used a 500 mL (M х 0.5) = g 
cylinder. 
15. In O, determine the exact percentage of clay by O. Percent Clay 
dividing grams of clay in suspension (from N) [N /25) x 100]- 96 
by the total amount of soil (25 g) and 
multiplying by 100. 
16. In P, determine the grams of silt by adding the P. Grams of silt 
grams of sand (from G) and grams of clay (from [25— (G +N = 
N) and subtracting the result from 25. 
17. In Q, determine the exact percentage of silt, by 
dividing grams of silt by the total amount of soil 0. Percent Silt 
1 Q5 g) and multiplying by 100. [Ф / 25) x 100]- 36 
" — 18. See the Textural Triangle in Figure SO-PA-3 to 
determine the Soil Texture 
- 
Sample Number 1: 
Sand: 96 Silt: 96 Clay % 
Soil Texture Class: 
Sample Number 2: 
Sand: % Silt: % Clay % 
Soil Texture Class: 
Sample Number 3: 
Sandi. | % silt: % Clay % 
Soil Texture Class: 
a eee 
GLOBE: Soil 
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Table SO-PA-1: Conversion Table (specific Gravity to Grams of Soil/L) 


Specific Grams Grams Specific Grane 
Gravity Soil/L Gravity Soil/L Gravity Soll 
1009 | 09 | 10136 | 180 1.0047 | 360 
TE 10250 | 35 
190 10253 | 3m 
1.0033 19.5 1.0257 375 
1.0148 20.0 1.0260 380 
1.0040 1.0151 20.5 1.0263 385 
1.0043 21.0 1.0266 39.0 
215 1.0260 395 
1.0049 220 — | 1.0272 400 
225 1.0275 405 
230 Lore | a 
1.0058 23.5 1.0281 415 
той | 60 | lors | 240 Lom | 420 
245 10288 | 5 
1.0067 25.0 1.0291 430 
1.0071 25.5 1.0294 435 
| Looe | 80 | 10185 | 260 10297 | жй 
265 гозо | #5 
10080 | 90 | 1091 | 270 1.0303 ا‎ 
275 10306 | %5 
1.0086 280 10309 | 460 
285 го | 465 
1.0092 29.0 1.0315 47.0 
1.0095 295 loss | S5 
30.0 1033 | 480 
1.0102 30.5 1.0325 = 
31.0 1.0328 bi 
10108 315 THE 
Lon 32.0 10334 | 308 
1.0226 315 1.0337 505 
10117 33.0 1.0340 ns 
Eum |-ms | 19g | 3s | 199 | 3 
ноз 34.0 1.0346 31 
E0126 345 1.0350 523 
О | i170 | 1041 | 350 1.0353 ا‎ 
EES US | lo | 355 | 1056 532 

DC. ue L9 | Ж0— 
ЕТИ РӨНҮ 15e | a — 
EE i. | T . 1.0365 35 
soil 


GLOBE* 2003 


Particle Size Distribution Protocol - 10 


в Determine the Textural Class of your Soil Sample using the Textural Triangle: 


Soil Scientists have created classes that break the distribution of particle sizes (soil textures) into 12 
categories. The textural triangle (Figure SO-PA-3) is one of the tools soil scientists use to visualize 
and understand the meaning of soil texture names. This textural triangle is a diagram that shows 
how each of these 12 textures is classified based on the percent of sand, silt, and clay in each. 


Follow these steps to determine the textural class name of your soil sample: 
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‚ Place a plastic sheet or tracing paper over the textural triangle 


, Place the edge of a ruler at the point along the base of the triangle that represents the percent of 


sand in your sample. Position the ruler on the line that slants in the direction that the numbers 
are facing for percent sand and draw a line along the ruler edge. 


‚ Place the edge of the ruler at the point along the right side that represents the percent silt in 


your sample. Position the ruler on the line that slants in the direction that the numbers are 
facing for percent silt. 


Mark the point along the ruler edge where the two line cross. Place the top edge of one of the 
rulers on the mark, and hold the ruler parallel to the horizontal lines. The number on the left 
should be the percent of clay in the sample. Note that the sum of the percent of sand, silt, and 
clay should sum to 100%. 


. The descriptive name of the soil sample (textural class) is written in the shaded area where the 


mark is located. If the mark should fall directly on a line between two descriptions, record both 
names. 


il 
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Figure SO-PA-3: Textural Triangle 
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An Example of Student Research 
A. Calculating the Percent Sand, Silt and Clay for their Soil Sample 


Students recorded the following 2 minute and 24 hour hydrometer readings: 


Specific Gravity Temperature 


2 minutes: 


Foreach hydrometer reading of specific gravity, they converted to grams/liter of soil from the conversion 
table, and corrected for temperature. 


Forthe 2 minute reading 


The specific gravity reading is closest to 1.0126, which equals 16.5 grams of silt and clay per liter in 
suspension. They corrected this value for temperature. Since the temperature reading was 1 degree 
higher than 20* C, they added 0.36 to the 16.5 grams/liter: 


16.5 + 0.36 = 16.86 g/L 


Next, they multiplied 16.86 g/L by 0.5 L (which was the volume of water used in the protocol) to 
change from grams/liter to grams: 


16.86 x 0.5 = 8.43 (8.4 g) 


This is the amount of silt and clay in suspension. 


They determined the amount of sand, by subtracting 8.4 g from the original amount of soil added in 
the Protocol (25.0 g: 


25.0 g - 8.4 g = 16.6 g of sand 


They calculated the percent of sand in the sample by dividing 14.1 g by the original amount of soil 
added in the Protocol (25.0 g) and multiplied by 100 to get percent: 


(16.6 g/25.0 g) x 100 = 66.4% sand 


For the 24 hour reading 


The specific gravity reading was 1.0089, which they read directly off the chart as 10.5 g/L. This value 
"presents the amount of clay per liter in suspension. They then corrected the 10.5 g/L for temperature. 
Since the temperature reading was 0.5 degrees lower than 20° C, they subtracted 0.36 x 0.5 from the 
105 Brams/liter: 


0.36 x 0.5 = 0.18 
10.5 - 0.18 = 10.32 g/L 
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Next, they multiplied 10.32 g/L by 0.5 L (which was the volume of water used in the protocol) o 
change from grams/liter to grams: 
10.32 x 0.5 = 5.16 ( rounded to 5.2 g) 


5.2 gis the amount of clay that was in the original 25 g of soil used in the Protocol. 


They calculated the percent of clay in the sample by dividing 5.2 8 by the original amount of soil 
added in the Protocol (25.0 g): 
(5.2 g/25.0 g) x 100 = 20.8% clay 


They calculated the amount of silt by adding the grams of sand to the grams of clay, and subtracting 
that sum from the original amount of sample (25 g): 


16.6 g (sand) + 5.2 g (clay) = 21.8 
25 g-21.8g=3.2 gsilt 
which they converted to percent by dividing by 25: 


For this sample, the final result was: 


%Clay 


B. Determining the Textural Class of Their Soil Sample 
The students determined the textural class of their soil sample using the Textural Triangle 


1. First, they placed tracing paper over their Textural Triangle. 


2. Second, they placed the edge of a ruler along the base of the Textural Triangle at the 66.4% 
sand mark and drew a line. 
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3, Third, they placed the edge of the ruler along the right side of the textured triangle at the 
12.8% silt mark and drew a line, 
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4. Fourth, they marked the 


point where the two lin 
this point with the 


es crossed. Using their ruler, they matched 
% clay from their sample. 


у v pa Nai 


2 Finally. they determined 


the textural class of their sample to be Sandy Clay Loam by reading 
the class 


Dame where the two drawn lines met. 
% Sand 26 Silt % Clay Soil Texture Class 
66.4 12.8 20.8 Sandy Clay Loam 
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Soil Texture Practice Sheet 


Use the following numbers to determine the soil texture name using the textural triangle. In the places 
where a number is missing, fill in the blanks. Note: the sum of percent sand, silt and clay should 
always add up to 100 percent: 


Texture Name 


sandy loam 


Answers: b. silt loam; c. 21, clay loam; d. 27, silt loam; e. 15, clay; f. 15, clay; g. 42, loam; h. 25, 
silt loam; i. 5, sandy clay; j. 45, loam. 


For Advanced Students 
Stoke's Law: To Calculate the Settling Time of Soil Particles 


In the Soil Particle Size Distribution Protocol, the readings of the hydrometer are aket He 
specific time to allow either the sand or silt to settle in the cylinder. In order to determine e " 
each size particle, we use an equation derived from Stokes Law. Stokes Law describes y d which it 
velocity) a particle will settle as a function of its diameter and the properties of the liquid a certain 
is settling. Once this velocity is known, you can calculate the time required for a particle o 
diameter to settle in a given depth of water. 


investigate 

1 "n :. i ч S to investi 
This activity may be interesting for students for a number of reasons. Students may sae rom the ones 
how the settling rates of different particle sizes differ under conditions that are EA was mu 
used in the GLOBE protocol. For example, if a larger cylinder is used, or the temper? 


natural 
hotter or colder, how long would it take for the sand, silt, and clay particles to settle? eae 
world, soil particles carried by moving water settle out when the water stops moving а e amount 
still. By using the Stokes Law equation, students can understand the relationships puse take for the 
of sand, silt, and clay carried in the water, the amount of turbidity, and the time it wou 


particles (especially clay) to settle to the bottom and make the water clear. 
Stokes Law can be written in the form of the following equation: 
V=k@ 


where: 


sol 
e ИИ 


Particle Size Distribution Protocol - 16 P 


V = settling velocity (in cm/second) 


d = particle diameter in cm (such as 0.2 cm - 


0.005 cm for sand, 0.005 cm- 0.0002 cm 
for silt, and «0.0002 cm for clay) 


k = a constant which depends on the liquid in which the particle is settling, particle density, 
the force of gravity, and the temperature (8.9 x 10? cm -! sec -! for soil in water at 20? C), 


Example 


Suppose you wanted to calculate the amount of time it would take a particle of fine sand (0.1 mm) to 


settle. The distance between the 500 mL mark on you graduated cylinder and the base of the cylinder is 
about 27 cm. 


1. First, convert the diameter of the particle from mm to cm. 


0.1 mm x 1 cm/10 mm = 0.01 cm 


2. Using the equation above, plug in values for the diameter of the particle, square it, and multiply 
by the constant. 


V = 8900 x (0.01)? 
= 0.89 cm/second 


w 


. Next, divide the distance between the 500 mL mark and the base on your cylinder by the 
velocity calculated in step 2. 


27 cm/0.89 cm second" = 30.33 seconds 


Thus, it would take about 30 seconds for fine sand with a diameter of 0.1 mm to settle to the 
base of the 500 mL cylinder. 
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Soil pH Protocol 


Purpose 


To measure the pH of a soil horizon 


Overview 

Students mix dried and sieved soil samples with 
distilled water. The mixture is allowed to settle 
until a relatively clear layer is formed. Students 
use a pH pen, pH meter, or PH paper to 
determine the pH of the sample. The procedure 
is done three times for each horizon. 


Student Outcomes 

Students will be able to apply laboratory tests 
for pH to soil samples. Students will be able to 
telate pH to the physical and chemical 
Properties of a soil sample. 


Science Concepts 
Earth and Space Sciences 
Soils have Properties including color, 
texture structure, and density; they 
Support the growth of many types of 
plants and serve numerous other 
functions in the ecosystem. 
The surface of the Earth changes. 
Water circulates through soil affecting its 
Properties. 
Physical Sciences 
Objects have observable properties. 
Chemical reactions take place in every part 
of the environment. 
Scientific inquiry Abilities 
Identify answerable questions. 
esign and conduct an investigation. 
d Appropriate mathematics to analyze 
ata. 


Develop descriptions and explanations 
using evidence, 

Communicate procedures and 
explanations. 


Time 
One 45-minute class period 


Level 


Frequency 


Once for each soil horizon 


Materials and Tools 
Oven-dried, sieved soil 
Distilled water 
Pencil or pen 
100-mL graduated cylinder 
Glass stirring rod or other stirring device 
100 mL beaker 
pH meter, pH pen, or pH paper 
Balance (accurate to 0.1 g) 
Soil pH Data Sheet 


Preparation 
Collect required soil samples. 


Dry and sieve soil samples, and store them in 
a sealed container. 


Calibrate the balance to 0.1 g. 


Calibrate the pH pen or meter. (See procedure 
for calibration in the pH Protocol in the 
Hydrology Investigation.) 


Prerequisites 


Soil Characterization Protocol 


Soil 
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Soil pH Protocol ~ 
Introduction 


The concentration of hydrogen ions is an 
important consideration when studying soil. As 
in the study of hydrology, the pH scale is used as 
an indication of the concentration of hydrogen 
ions in the soil. Dry, sieved soil is dissolved in a 
specified volume of water with a known pH. The 
extent to which the dissolved soil changes the pH 
of the water is an indicator of the number of 
hydrogen ions contained in the soil. pH is 
measured on a logarithmic scale and represents 
the negative logarithm of the hydrogen ion 
concentration in moles/L. For example, a pH of 2 
represents a concentration of 1x10? moles/L 
(0.01) hydrogen ions, and pH 8 represents a 
concentration of 1x10? moles/L (0.00000001) 
hydrogen ions. 


Figure SO-PH-1 


When the soil contains a high concentrati 
hydrogen ions, it is considered to be acidic 
when it has a low number of hydrogen ions 
considered to be basic. pH 7 is considered tobe 
“neutral” (neither acidic nor basic). The pH 
ranges from 1-14 with pH 1 being extremely 
(1x10" or 0.1 moles of hydrogen ions per 
and pH 14 being extremely basic (1х10 mol 
of hydrogen ions per liter or 0.0000000000000 | 
moles/L) | 


Soil pH is an indication of the soils chemistry 
fertility. The pH affects the chemical activity off 
elements in the soil, as well as many of th 
properties. Different plants grow best at differe 
pH values. See Figure SO-PH-1. Farmers û 
gardeners may add materials to their soil to chat 
its pH depending upon the type of plants th 
want to grow. The pH of the soil may also АЙ 
the pH of ground water or of a nearby water body 
such as a stream or lake. 


Neutral 


1 2 3 61 7 
1 Most 
| desirable 


1 
1 
! 
1 
1 


Apple: 5.0 


Possible pH Ranges Under Natural Soil 


-—————— Acidic لہ‎ Basic 


Very ۷ 
strong , Strong Moderate Slight Slight Moderate Strong ا‎ 
mm mi | | 14 


Most agricultural 
7— —— Extreme pH range for most mineral ——— —- 


Tomato: eB 


ج سے 


8 11 12 13 


Se Spinach: 6.0 
Cranberry: 4.2 
Wheat: 5.5 
peso Cucumber: 5.5 
Carrot: 5.5 
| White Pine 4,5 
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The pH of soil controls many of the chemical and 
biological activities that take place in the soil and 
also indicates something about the climate, 
vegetation, and hydrologic conditions under 
which the soil formed. The pH of a soil horizon 
(how acidic or basic the soil is) is affected by the 
parent material, the chemical nature of the rain 
and other water entering the soil, land 
management practices, and the activities of 
organisms (plants, animals, and microorganisms) 
living in the soil. For example, needles from pine 
trees are high in acids, and as they decay over 
time, they lower the pH of moist soils. 


Teacher Support 


Preparation 


Have students practice using the pH equipment 
by testing the pH of different liquids at different 
pH levels. 


Measurement Procedures 


To measure pH, students mix dry soil samples 
with distilled water until the soil and liquid are 
in equilibrium and provide an accurate 
measurement of the soil pH. A 1:1 soil/water 
solution is used for this protocol because it is 
similar to a standard method for professional soil 
pH measurements. The distilled water used in 
this protocol may or may not have a pH of 7 
depending on the purity of the water and how 
long it has been exposed to the atmosphere. It is 
Important that students report the pH of the 
distilled water on their Soil pH Data Sheets so that 
Scientists are able to determine whether the 


distilled water has affected their pH 
Measurements, 


Managing Materials 


Ы performing their soil pH measurements, 
Е" x Should be sure that the pH meter is 
ifn 116 properly. They should calibrate it and, 
ecessary, replace weak or dead batteries. 
For some soil sam 
Clay, the soil int 
mixing and will 
Case, after thor 


ples, especially those high in 
he water will not settle after 
not form a supernatant. In this 
ough mixing according to the 


GLOBE 2003 


protocol, place the pH meter or paper into the 


top of the soil/liquid suspension and take a 
reading. 


Managing Students 

If a single team of students is measuring all three 
samples of a horizon, have them process the 
samples in parallel, not in sequence. This will 


allow the protocol to be completed in less than 
45 minutes. 


Questions for Further Investigation 


What natural changes could alter the pH of a 
horizon? 


How does the pH of the rain affect the pH of a 
soil horizon? 


How does the pH of the soil affect the pH of local 
water bodies? 


How does climate affect the pH of a horizon? 


How do slope and aspect affect the pH of a 
horizon? 


How does the type of vegetation growing on the 
soil affect the pH of the soil? 


Soil 
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Soil pH Protocol 


Lab Guide 


Task 


To obtain three pH readings for a soil horizon 


What You Need 
О Dried sieved soil 


Û Distilled water 
О 100-mL graduated cylinder 


Û Four 100-mL containers 


О Balance (accurate to 0.1 g 


In the Lab 


1. In a cup or beaker, measure the pH of the distilled water you 
will be using. Dip the pH paper or calibrated meter into the 
water and obtain a reading. Record this on your pH Data Sheet 


2. In a cup or beaker, mix 40 g of dried and sieved soil with 
40 mL of distilled water (or other amount in a 1:1 soil to water 
ratio) using a spoon or other utensil to transfer the soil 


Q pH Data Sheet 
Q Pencil or pen 
Û Glass stirring rod or other stirring device 


Q pH meter or pH paper 
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soil pH Protocol Lab Guide - Page 2 


е 3. Stir the soil/water mixture with a spoon or other stirrer until it is 
thoroughly mixed. Stir the soil/water mixture for 30 seconds and 
then wait for three minutes for a total of five stirring/waiting 
cycles. Then, allow the mixture to settle until a supernatant 
(clearer liquid above the settled soil) forms (about 5 minutes). 


4. Measure the pH of the supernatant using the pH paper or meter. 
Dip the pH paper or calibrated pH meter in the supernatant. 
Record the pH value on the Soil pH Data Sheet. 


5. Repeat steps 2-4 for two more samples from the same horizon. 
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Soil pH Protocol- 
Looking at the Data 


Are the data reasonable? 

A soils parent material, the climate under which 
it formed, the vegetation it supports and the 
amount of time it has had to develop, determines 
its pH. In general, soil pH values range from 4.0 
for acidic, organic rich soils, to 8.5 for soils with a 
high number of free carbonates. Occasionally, the 
pH can go as low as 3.5 or as high as 10. 


Generally, the pH will not vary much from horizon 
to horizon in a soil profile. This is because the pH 
scale is a base 10 logarithmic scale, so the 
differences of one in pH mean there are 10 times 
more hydrogen ions, or 10 times more acidity. In 
some cases, there might be a drastic change in 
parent material causing a very different pH 
between horizons. For example, materials may be 
deposited onto a horizon or some human 
intervention has occurred such as addition of 
limestone. Drastic changes in soil pH between soil 
horizons may help students to uncover clues about 
the story of the soil at that location. Students 
should expect some change from the top to the 
bottom of the profile, depending on the amount 
of organic matter, free carbonates, and weathering 
of the soil. If there is a lot of organic matter at the 
surface, and no limestone has been added, the pH 
in the upper horizons may be lower than those 
below. Where carbonates are present, horizons 
tend to have high pH values. 


What do scientists look for in the data? 


Many different scientists are interested in soil pH 
data. Soil pH measurements, in combination vik 
soil characterization measurements and other 
GLOBE measurements, provide scientists а great 
deal of information about the environment, For 
example, soil pH helps scientists understand the 
chemical properties of the soil and the potential 
for certain nutrients to be stored or released, With 
this information, scientists determine the 
suitability of a soil for plant growth. 


Scientists also predict the movement of materials 
into the hydrologic system. They consider rainfall 
chemistry when they make predictions of changes 
in soil chemistry and soil pH over time. 


Soil pH helps scientists to reconstruct the 
development of a soil and predict the nature of 
the soil in the future 


An Example of a Student Research 
Project 


Middle school students from Keflavik, Iceland 
collected soil samples while carrying out soil 
characterization measurements on a soil pit. They 
dried and sieved three samples for each horizon 
in their sample site and performed the Soil pH 
Protocol on each sample. 

a, they decided to 
hey collected. The 
rements for each 


In order to analyze their dat 
graph the pH measurements t 
graph plotted the pH measu " 
horizon at the mid-point depth of ae a 
horizon. The students calculated the mi tao 
depth according to the following equation: 


th 
(Bottom Depth – Тор Depth)/2 + Top DH 


C-——— - eee 
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The results of their measurements are in the table below. 
Top Depth 


Horizon 


Bottom Depth 


Mid-Point Depth pH 


(mean of 3 replicates) 
0.0 10.0 5.0 5.5 


Using the data in the table, the students plotted the mean pH at the mid-point depth of each horizon 
as shown in the graph below. 


pH vs. Depth 
5.6 57 58 $59 60 


The students noticed that the pH was lowest at the top of the soil profile and increased with depth. 
hypothesized that weathering of the soil at the surface and inputs of rain or organic matter 
caused the low pH at the top of the profile. 


The Students were interested in knowing whether the trend in pH they observed was typical of soils in 
other parts of the world with different climates and vegetation. According to the MUC classification 
Buide, the land cover type at their site was dwarf-shrub/moss tundra. They used the GLOBE data 
archive to search for other schools that had made soil pH measurements, and found two schools in 
areas different from their own. 


Soil pH Protocol - 7 


One school was a secondary School in Deir Allah, Jordan. The students at this school reported their 
vegetation type as row crop or pasture. The pH data reported by this school are given in the table below, 


Deir Allah, Jordan 
Horizon Top Depth 


Bottom Depth Mid-Point Depth pH 


(mean of 3 replicates) 
1 0.0 20.0 10.0 80 
9 33.0 44.0 38.5 85 
4 44.0 100.0 72.0 8.5 


The other school they chose was a middle school in New York, USA. The students at this school 
reported their vegetation type as evergreen-needled trees. The pH data reported by this school are 
given in the table below. 


New York, USA 


Horizon Top Depth Bottom Depth Mid-Point Depth pH 
(mean of 3 replicates) 

1 0.0 13.0 6.5 29 

2 13.0 23.0 18.0 34 

3 23.0 35.0 29.0 34 


4 44.0 60.0 52.0 40 


The students then plotted the pH values at the midpoints for each of the three schools on one graphas 
shown below. 


Comparison of Soil pH Measurements 
3 4 5 6 7 8 


The students noticed considerable differences in the pH values at each of these locations. The soil in 
Jordan had much higher pH values than the soil in Iceland, while the New York school had much 
lower pH values. They noticed a trend of increasing pH with increasing depth at all three of schools. 
The students concluded that deeper soils have a higher pH in many different kinds of soils. 


The students realized that more information about each location would help to better understand the 
pH differences at the sites. At a future date, they decided they would contact students at each school 
using GLOBE mail to find out more about their locations. They also planned to download precipitation 
and temperature data to see whether the differences in the amount and pH of annual rainfall and mean 
annual temperature at these schools would give an indication of why the pH values were so different. 
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| Purpose 

| To measure the amounts of nitrogen (N), 
| phosphorous (Р), and potassium (К) in each 
| horizon in a soil profile 

| 

| 


Overview 

Using a NPK test kit, students mix a dry, sieved 
| soil sample into a solution and chemically 
| extract the N, P, and K as nitrate, phosphate, 
| and potassium. The N, P, and K amounts in the 
sample are determined by comparing the 
solution to a color chart. Students describe the 
N, P, K amounts as high, medium, low, or none. 
These measurements are conducted three times 
for each horizon. 


Student Outcomes 


Students will be able to measure the nitrogen, 
| phosphorous and potassium contents of soils. 


| Students will be able to relate soil fertility to the 
| physical and chemical properties of the soil. 


Science Concepts 


| Earth and Space Sciences 

| Soils have properties including color, 
texture structure, and density; they 

| support the growth of many types of 
| plants and serve numerous other 

| functions in the ecosystem. 

| The surface of the Earth changes. 
| 

| 

| 


Soils consist of weathered rocks and 
decomposed organic material. 
Water circulates through soil affecting its 
properties. 
| Physical Sciences 
Objects have observable properties. 
Chemical reactions take place in every part 
| of the environment. 
| Life Sciences 
| Atoms and molecules cycle among the 
| 


living and nonliving components of the 
ecosystem. 


Scientific Inquiry Abilities 
Identify answerable questions, 
Design and conduct an investigation. 


Use appropriate mathematics to analyze 
data. 


Develop descriptions and explanations 
using evidence. 
Communicate procedures and 
explanations. 
Time 


One 45-minute class period for three groups of 
students to analyze one horizon. 


Level 
Middle and Secondary 


Frequency 


Once for each soil profile 


Materials and Tools 
Oven-dried, sieved soil 
GLOBE (or equivalent) NPK kit 
Distilled water 
Beaker 
Teaspoon 
Clock or stopwatch 
Soil Fertility Data Sheet (more than one Data 
Sheet may be needed for each profile) 


Preparation 
Obtain dry, sieved soil samples. 
Collect required equipment. 


Spread out newspapers or other cover on table 
to keep area clean. 


Prerequisites 


Soil Characterization Protocol 
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Soil Fertility Protocol — 
Introduction 


In order to grow, plants require sunlight, water, 
air, heat, and nutrients. Table SO-FE-1 lists the 
macronutrients (nutrients required in large 
amounts) and micronutrients (nutrients required 
in smaller quantities) required for plant growth. 
The fertility of a soil indicates the availability of 
these nutrients for plants to grow. 


Table SO-FE-1 
Macronutrients 
Nitrogen (N) 
Phosphorus (P) 
Potassium (K) 


Micronutrients 
Iron (Fe) 
Zinc (Zn) 
Manganese (Mn) 


Sulfur (S) Copper (Cu) 
Calcium (Ca) Boron (B) 
Magnesium (Mg) Molybdenum (Мо) 


Chlorine (Cl) 


Some soil nutrients are positively charged, while 
other nutrients are negatively charged. Nutrients 
that are positively charged, such as potassium, 
calcium, and magnesium, are held by negatively 
charged soil particles. These nutrients are removed 
from the soil by plants or by weathering processes. 
Negatively charged particles, such as nitrogen, 
phosphorous and sulfur are not held as tightly by 
negatively charged soil particles. These nutrients 


Figure SO-FE-1 


Soil in low pH (acidic) conditions 
Kt 


Clay Particle 


are more easily leached and removed from th 
soil. When a soil looses its nutrients or does к 
have the nutrients needed for plant grov i 
farmers and gardeners replenish nutrients b 
adding fertilizers to soils. i 


potassium - in each horizon of a soil profile a 
determine if the soil is fertile for plant growth, 


Nitrogen (N) is an element found in high 
concentrations in the atmosphere, but relatively 
low concentrations in soil. For nitrogen to be used 
by most living things, the N, molecules must be 
broken apart. In the soil and water, this usable 
nitrogen takes the form of nitrate (NO,), nitrite — 
(NO,) and ammonium (NH,), with nitrate being 
the most common. In general, these forms of — 
nitrogen are rapidly taken up by plants and are i 
an important component of plant proteins. Nitrate _ 
(МО, -), because of its negative charge, isnot held 
by negatively charged soil particles and is easily 
removed (leached) from the soil as water passes 
through it. Nitrate can also be converted to 
nitrogen gas (N,) or ammonia (NH and be - 
volatilized out of the soil. Therefore, itis important | 
that farmers and gardeners add nitrogen fertilizers _ 
when plants need the nutrient the most. When 
nitrogen is added to the soil in the form of organic 
matter, it is stored longer because it he 
available to plants slowly, as the organic Eo 
decomposes. 


Soil in high pH (basic) conditions 


Phosphorus (P) is used as part of the energy 
pathway in the plant. Plants use phosphorus in 
the form of phosphate (PO, 7). Because of its 
negative charge, phosphate is easily leached from 
the soil. Plants are only able to take up phosphate 
when soils are at neutral soil pH values of 5.0- 
8.0. At low pH values (<5.0), phosphate combines 
with iron (Fe) and aluminum (Al) to form 
phosphates that are not soluble and cannot be 
taken up by plants. At high pH values (>8.0), 
phosphate combines with calcium (Ca) to form 
calcium phosphate, which is neither soluble nor 
available for plants to take up from the soil. When 
phosphate occurs in one of these insoluble 
compounds, it becomes easy to remove from the 
soil when the soil particles are eroded. Like 
nitrogen, phosphorus is also more slowly and 
easily available to plants when it is added as part 
of decomposing organic matter. 


Potassium (K) plays the role of activating cell 
enzymes in plants. It is readily available to plants 
in its elemental state (K+), and because of its 
positive charge, is easily stored on negatively 
charged soil particles. The largest source of 
potassium is from the decomposition of potassium 
containing minerals, such as mica. 


Teacher Support 
Preparation 


Make sure students understand the importance 
of each nutrient they are measuring before they 
conduct the Soil Fertility Protocol. 


Puy students review the NPK kit instructions 
elore conducting the Soil Fertility Protocol. 


Managing Materials 
E Measure soil fertility, students may use a 
LOBE soil test kit or an equivalent product. 


Measurement Procedures 


The basic method for measuring soil fertility 
consists of mixing a soil sample with water and 
chemically extracting the N, P, and K as nitrate, 
phosphate, and potassium. The N, P, and K 
amounts in the sample are determined by 
comparing the solution to a color chart. 


To determine nitrogen (N), students compare the 
extraction solution with a pink color chart. To 
determine phosphorous (P), students compare the 
extraction with a blue color chart. To determine 
potassium (K), the students place the tube 
containing the extraction solution over a column 
of black boxes, and the amount of the blackness 
that can be observed through the cloudiness of 
the solution is compared with the column next to 
the tube. 


Students should wait no more than 10 minutes 
to read the color change in each tube. Waiting 
longer will give erroneous results. 

With some soil samples, especially those high in 
clay, students will need to repeat the extraction 
procedure more than once to obtain enough 
solution for the N, P, and K analysis. 


Managing Students 


In order to complete the analysis within a class 
period, have different students do the analysis for 
N, P and K simultaneously after the extraction 
solution has been made. 


Questions for Further Investigation 

How might natural changes affect the fertility of a 
horizon? 

What differences between locations could affect 
the fertility of a horizon? 

How does the soil fertility affect the types of 
vegetation that can grow on a soil? 

How does the soil particle size distribution affect 
the nutrient content of a horizon? 

How does climate affect the nutrient content of a 
horizon? 

How does the type of vegetation growing on the 
soil affect the nutrient content of the soil? 
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Soil Fertility Protocol 


Lab Guide 


Task 


To obtain three soil fertility readings for every horizon in a soil profile 


What You Need 


О Dried sieved soil О soil Fertility Data Sheet 


Û Distilled water О Pencil or pen 


Ц Plastic teaspoon О GLOBE NPK test kit or equivalent 


Part 1. Nutrient Extraction: 


. Fill the extraction tube from your 


Soil Test Kit to the 30 mL line with 30 mL— 
distilled water. 


Fa 


N 


- Add 2 Floc-Ex tablets, Cap the tube 
and mix well until both tablets have 
disintegrated. 


w 


. Remove the сар and add one heaping 
spoonful of dry, sieved soil. 


^. Cap the tube and shake for one 
minute. 


Ivi 


. Let the tube stand until the soil 
settles out (usually about 5 minutes). 
The clear solution above the soil will 
be used for the nitrogen (N), 


phosphorus (P), and potassium (K) 
tests. 


Note: For some soils, especially 
those high in cla: , there May not be 
enough clear solution extracted. If 
more clear solution is needed, repeat 
steps 1-5, 
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Part 2. Testing for Nitrogen: 


Use the pipette to transfer the clear solution above the Soil to one of 
the test tubes in the Soil Test Kit until the tube is filled to the shoulder. 
(If more solution is needed, repeat Part 1). 


= 


N 


w 


= 
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. Add one Nitrate WR CTA Tablet. Be sure that all of the pieces 


of the tablet are added to the test tube and try not to touch 
the tablet as you place it into the tube. 


. Cap and mix until the tablet disintegrates. 


- Rest the test tube in a cup or beaker. Wait 5 minutes for color 


to develop. (Do not wait longer than 10 minutes). 


Compare the pink color of the solution to the Nitrogen Color 
Chart in the Soil Test Kit, 


Record your results (High, Medium, Low, or None) on the Soil 
Fertility Data Sheet. 


: Discard the solution and wash the tube and the pipette with 


distilled water. 


. Repeat this procedure with the liquid from each of the soil 


Samples. Be sure to rinse the pipette and tube with distilled 
Water after they are used. 
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Part 3. Testing for Phosphorus: 


1. Use the clean pipette to transfer 25 drops of the clear 
solution above the soil to a clean test tube. (If more 
solution is needed, repeat Part 1). 


2. Fill the tube to the shoulder with distilled water. 


3. Add one Phosphorus Tablet to the tube and cap it. Be 
sure that all the pieces of the tablet are added to the test 
tube. 


^. Mix until the tablet disintegrates. 


5. Rest the test tube in a cup or beaker. Wait 5 minutes (but 
no more than 10 minutes) for color to develop. 


6. Compare the blue color of the solution to Phosphorus on 
the color chart in the Soil Test Kit. 


T. Record your results (High, Medium, Low, or None) on the 
Soil Fertility Data Sheet 


8. Discard the solution and wash the tube and the pipett 
with distilled water. эч 


9. Repeat this procedure with the liquid from each of the 
soil samples. Be sure to rinse the pipette and tube with 
distilled water after they are used. 
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Part 4. Testing for Potassium: 


1. Use the clean pipette to transfer the clear solution above the 
soil to a clean test tube until it is filled to the shoulder. If 
more solution is needed, repeat Part 1. 


Add one Potassium Soil Tablet to the tube. Be sure that all the 
pieces of the tablet are added to the test tube. Cap and mix 
until the tablet disintegrates. 


ө 


w 


Hold the tube over the black boxes in the left column of the K 
portion of the color chart. Look through the “cloudiness” of 
the solution in the test tube and compare ìt to the shaded 
boxes in the right column. Record your results (High, 
Medium, Low, or None) on the Soil Fertility Data Sheet. 


> 


Discard the solution and wash the tube and the pipette with 
distilled water. 


чл 


: Repeat this procedure with the liquid from each of the soil 
Samples. Be sure to rinse the pipette and tube with distilled 
Water after they are used. 
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Soil Fertility Protocol — 
Looking at the Data 


Are the data reasonable? 

Nitrogen (N): 

The soil test kit used in GLOBE measures nitrogen 
in the form of nitrate (NO). Because nitrate has а 
negative charge, it is not attracted to the negatively 
charged surfaces of the soil. Asa result, any nitrate 
added to the soil is quickly taken up by plants, 
washed out with water passing through the soil, 
or removed as nitrogen gas. Therefore, nitrate 
values may be low or none for most soil samples. 
If the soil has recently been fertilized, or if there is 
a steadily available source of nitrogen, such as from 
the addition of organic material from compost or 
manure, the levels of nitrogen may be higher. 


Phosphorus (P): 

GLOBE soil test kits measure phosphate (PO, ), 
the form of phosphorus that is most easily taken 
up by plants. Soil test kit readings of phosphate 
should be low if the soil pH is less than 5.0 or 
greater than 8.0. This is because at low and high 
pH levels, phosphate forms compounds with other 
elements in the soil making it difficult for plants 
to use. For example, when the soil pH is low and 
iron is present (making the soil look red), iron 
phosphate is formed which holds the phosphate 
very tightly, not freeing it for plants to use. At 
neutral pH levels (around pH 7), phosphate is 
more easily taken up by plants and usually shows 


up as a medium or high phosphate reading with 
the soil test kit. 


Potassium (K): 

The amount of potassium present in the soil 
depends on the availability of potassium minerals 
in the parent material of the soil. The largest 
natural sources of potassium are potassium rich 
minerals such as micas, which release potassium 
into the soil through weathering. Potassium can 
also be added to the soil as a fertilizer. Since 
potassium isa positively charged ion, it is attracted 
and held to the negatively charged soil surface. 
The fertility test kits will show medium or high 
readings for potassium for many soils. A low 
potassium reading may be an indication of an 
extremely weathered soil. 


What do people look for in these data? 


Knowing the relative amounts of ni 
phosphorous, and potassium in the soil helps 
scientists to recommend the type and amount of 
fertilizers or other nutrients farmers and gardeners 
should add to their soils for plant growth, For 
example, they may recommend adding fertilizers, 
composts or manure to make a soil more fertile, 
N, P, К measurements also help scientists to better 
understand other soil properties, such as the 
number of negatively charged soil surfaces, the 
amount of iron and organic matter in the soil and 
the degree to which a soil has been weathered. N, 
P, K measurements also help scientists determine 
the type of parent material from which the soil 
formed. 
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Why Study Soil?* 

An activity which highlights the importance of learning about 
the soils on earth. In this activity students explore some of the 
many uses of soils, learn the five soil-forming factors, and gain 
a better understanding of how little of Earth's surface is 
covered in soil. 


Just Passing Through 


Beginning students are introduced to the basic concepts of 
how water passes through soil in an activity which illustrates 
the scientific method. More advanced students investigate the 
effects of soil characteristics on water infiltration and the 
chemistry of water that has passed through soil. 


From Mud Pies to Bricks* 

Introduces the various particle sizes found in soils and the 
properties which each contributes to the soil character. 

Soil and My Backyard" 

Students collect, describe and compare soils from their own 
backyards. 

A Field View of Soil and Soil Moisture - Digging Around" 
Students discover that soil properties such as moisture and 
temperature can vary considerably across a single landscape. 
Soils as Sponges: How Much Water Does Soil Hold?* 


Students explore soil moisture by weighing and drying 
sponges and then they explore their soil samples in the same 
way. 


Learning Activities Introduction - 1 Soil 


Soil: The Great Decomposer* 


Students simulate environmental conditions in order to determine Which 
are the key factors in the decomposition of organic material in soil. 


The Data Game* 


Teams of students play a game in which they gather data апа distort the 
values of certain measurements. They then estimate the values of the 
measurements taken by other teams and try to detect their errors, 


* See the full e-guide version of the Teacher's Guide available on the GLOBE Web site and CD-ROM. 
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Just Passing Through 
(Beginner Version) 


s 
Purpose 

To develop an understanding of how water 

flows through different soils and how it is 

transformed when it flows through these soils 


Overview 

Students time the flow of water through 
different soils and observe the amount of water 
held in these soils. They will also observe the 
filtering ability of soils by noting the clarity 
of the water before and after it passes through 
the soil. 


Student Outcomes 

Students will be able to identify the physical 
and chemical changes that occur as water 
passes through soil. 


Science Concepts 
Earth and Space Science 
Soil consists of weathered rocks and 
decomposed organic material, 
Soils have properties including color, 
texture, structure, and density. 
Water circulates through soil changing its 
properties. 


Scientific Inquiry Abilities 

Identify answerable questions. 

Design and conduct an investigation. 

Use appropriate mathematics to analyze 
data. 

Develop descriptions and explanations 
using evidence. 

Communicate procedures and 
explanations, 


Time 
One class period 


Level 
Beginning 


Materials and Tools 
(for each team of 3-4 students) 
Clear 2 liter bottle 
Three 500 mL beakers or similar size clear 
containers marked off in cm to pour and 
catch water 
Soil sample (Bring in 1.2 L samples of 
different types of soil from around the 
school or from home. Possibilities 


include top soil (A horizons), subsoils (B 


horizons), potting soil, sand, soils that 
are compacted, soils with grass growin g 
on top, soils with clearly different 
textures) 

Fine window screen or other fine mesh that 
does not absorb or react with water (1 
mm or less mesh size) 

Water 

Clock or timer 

Note: Smaller containers may be used if 
desired as long as the soil container sits 
firmly on the water catchment container. 
Reduce the amounts of soil and water - 
but remember that it is important for all 
students to start with the same amount. 

For more advanced students: 

pH paper, pen, or meter 


Prerequisites 


None 


Just Passing Through (Beginner) Learning Activity - 1 


Soil 


SHINY Suiuea1 


Background Figure SOIL-PB-1 
What happens to water when it passes through 
soil depends on many things such as the size of 
soil particles (texture and particle size 
distribution), how the particles are arranged 
(structure), how tightly they are packed (bulk 
density), and the attraction between the soil 
particles and the water. Some types of soil let water 
flow in quickly, then hold the water inside the 
soil like a sponge. This might give plants a better 
chance of using some of that water. Other types 
of soil may let the water go completely through 
in just a few seconds. Still other soils may keep 
the water from getting in at all. None of these soil 
types is better than the other - they are simply 
good for different reasons. Which soil property 
would you look for if you wanted to plant a 
garden? Build a driveway or a playground? What 
happens if the soil is full of water and a heavy 
rain falls on it? How can you change the way your 
soil holds water? sme Мере R the soil when | What To Do and How To Do It 
organic matter is added, when plants are growing Class Investigation 
on top of i iti it i 

еШ етн is Choose а soil (a sandy soil works best) to 


plowed? 1. 
use for demonstration and place 1.2 L of 


Preparatio the soil into the 2 liter bottle. 


* Discuss some of the general characteristics С т-нин инни M 

of soils or do Soil in My Bachyard or the ااا‎ 

Soil Characterization Protocols. е Тазша: a) a 

рое r 
Bring in samples of different t i Granular (like cookie crum pP 
Sie pl e xin ypes of soil (chunky)? Record their observations about 
А ; d. 

Remove the labels and lids and cut off the е бепоен і р 

bottoms of the clear plastic 2 L bottles PEU 300 ml: of anit A E | : 

Pla 4 TAM à beaker or other clear container 10r — 
ce a circle of screen inside the bottle so ice the салу 

iden. cap opening pouring. Have students notice 

Pour 3-4 cm of sand onto the screen, The 

sand will keep the screen from becoming 

clogged. 

Place the bottle, mesh side down, on a 

beaker or clear container, 


Pour 1.2 L of soil into the bottle over the 
sand. 


Copy the Work Sheets for each student 


v 


of the water. { 

4. Use a black marker to draw a line showing 

the height of the water in the pouring 

container. Have students count the О 

lines to reach the top of the water: Re | 

this number on the board. ae 
‚ Ask the students “What will happen ү 

pour the water onto this soil”? € 

to explain why they think the so we 
water will behave this way when Мг 
poured onto it. Some possible qu 
ask are: 0 
Will the water run out through the bottom | 
the bottle? 
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Will all of it run out? How much will run out? 
Make a mark on the pouring container 
with a red pen to show how much of the 
water students think will flow out. 

How fast will the water pass through the 

soil? Older students may time with a clock or 

stopwatch. Younger students can time by 
marking the minutes off on a timer (like in the 

Work Sheets) as the teacher times. 

What will the water look like when it 

comes out the bottom? Clear? Murky? 

Very Dirty? 

Record the class ‘hypotheses’ on the board. 

Pour the water onto the soil and begin 

timing. Ask students to describe what is 

happening as you pour the water: 

Is all the water staying on top? 

Where is it going? 

Do you see air bubbles at the top of the 

water? 

Does the water coming out of the soil look 

the same as the water going in? 

Does the soil look different where the 

water has gone? 

Record the class observations on the 
board. Also record how long it takes for 
the water to pass through the soil. 

. Ask students to compare their hypotheses 
and the results of the experiment. 

10. Once the water has stopped dripping from 

the bottom of the bottle, remove the soil 

bottle and hold up the beaker of water 
which has passed through the soil. Ask 
students: 

Is this the same amount of water that we 

Started with? How can we tell if it is the 

same amount? 

Pour the water back into the original 

Container. Compare the amount left with the 

black line on the container. How much water 

IS missing? How could we measure how 

much is missing? 

Compare the water level to the red line on the 

Container. Is there more or less water left 

than we thought there would be? How 

could we measure the difference? Why did 

you think there would be more or less? 
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What happened to the water that is 

missing? 

Is the water more or less clear than before 

it passed through the soil? Why? 

Keep the water that was poured through 

for comparison. 

Using the bottle of saturated soil, ask 

students what will happen if you pour 

another 300 mL of water into the soil. 

Record the class hypotheses on the board. 

Will the same amount, more, or less water 

stay in the soil this time? 

Will it move through faster or slower or at 

the same speed? 

How clear will the water be? The same, 

more clear, or less clear than before? 

Pour the water through the saturated soil, 
keep the time, observe the results, and 
compare with the hypotheses. Ask 
students: 

Did the water flow through faster than 
before? How do you know? Compare the 
two times. 

Did more of it flow through than before? How 
can we find out? Compare the amounts in 
the beakers, 

Is the water as clear as the first time? 
Compare the color of the water in the two 
beakers. 
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Just Passing Through (Beginner) Learning Activity - 3 


Soil 


Group Investigation Further Investigations 


Experimenting with different soils 1. Using distilled water, have students 
Discussion measure the pH of the water. 
1. Review the properties of the various soil 2. Predict whether the pH will be different 
samples that were brought in. after the water passes through the soil, 
2. Ask students if they think water would 3. Pour the water through, then test the pH 
pass through all of the types of soils in the again. 


same amount of time and if all the soils 
would hold the same amount of water. 

3. Discuss which soils they think might be 
different. 

4. Provide each group of students with one 
of the various soils. 

Observation and Hypotheses 
1. Give each student the Look and Guess 
Work Sheet. 

2. Ask the students to fill in the Color of 
their soil (in words or with a crayon). 

3. Ask the students to circle the Structure 
which looks most like their soil. 

4. Ask students to look for leaves or Organic 
matter in their soil. Circle YES if they find 
organic matter. Circle NO if they do not. 

5. Time Remind students of the observations 
which they made during the 
demonstration. Ask students to guess the 
amount of time it will take water to flow 
through their soil. Circle the time on the 
timer, then write the number in the blank. 

6. Amount Ask students to draw a RED line 
on the container Showing the amount of 
water they think will flow through their 
soil. 

7. Clarity Ask students to put an X on the 
container which will look most like their 
water after it flows through their soil. 

Experiment and Report 
1. Explain that when you say 'GO' everyone 
Will pour their water in together. 


2. You will begin to time when the water is 
poured. 


4. Have students draw conclusions about the 
affect of soil on water pH. 

Note: 1. Use this procedure to experiment with 
conductivity by measuring the conductivity of 
distilled water before passing it through the soil, 
then using saltwater and passing it through the 
soil. 2. Experiment with filtering by using very 
murky water and passing it through clean sand, 


use their Work Sheets to Prepare their reports. 
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Just Passing Through — Beginners 
Work Sheet 


Look and Guess 


Mysoilis ^ ^ ^ color 


En 


My soil looks ^ granular blocky 
My чь ше YES INS 
= 1 
10 2 
Time 1 | З 
7 5 


How much water will come out? Make your line RED. 


What will the water look like? (CIRCLE) 


mm 
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Soil 


Just Passing Through Beginners Work Sheet (continued) 


Experiment and Report 
К 1 d 1 
Time m 5 
9 3 
8 4 
rd 5 


How much water came out? gn 


What did the water look like? 


My Report 
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Just Passing Through 


Purpose 

To develop an understanding of some of the 
relationships between soils of different types 
and water 


Overview 

Students will time the flow of water through 
soils with different properties and measure the 
amount of water held in these soils. They will 
also experiment with the filtering ability of soils 
by testing the pH of the water before and after 
it passes through the soil and observing 
changes to the clarity of the water and to the 
characteristics of the soil. 


Student Outcomes 
Students will be able to identify the physical 
and chemical changes that occur as water 
passes through soil. Students will be able to 
design experiments that test soil and. water 
properties. 
Science Concepts 
Farth and Space Science 
Soil consists of weathered rocks and 
decomposed organic material. 
Soils have Properties including color, 
texture, structure, and density. 


Water circulates through soil changing its 
properties. 


Scientific Inquiry Abilities 

Identify answerable questions. 

Design and conduct an investigation. 

Use appropriate mathematics to analyze 

ata. 

Develop descriptions and explanations 
Using evidence. 
9mmunicate procedures and 
explanations, 


Time 


One class period for initial activity 
2-3 class periods for Further Investigations 


Level 
All 


Materials and Tools 
(for each team of 3 - 4 students) 

2 - 3 clear 2-liter bottles* 

4 - 6 500-mL beakers* or similar size clear 
containers to pour and catch water 
for the demonstration, more as needed 
for the class activity, The number of 
beakers will be dependent on the 
number of student groups. 

Soils samples (Bring in 1.2 1. samples of 
different types of soil from around the 
school or from home. Possibilities 
include top soil (A horizons), subsoils 
(B horizons), potting soil, sand, soils 
that are compacted, soils with grass 
growing on top, soils with clearly 
different textures). 

Fine window screen or other fine mesh 
that does not absorb or react with water 
(1 mm or less mesh size) 

Strong tape 

Scissors 

Water 

Laboratory ring stands with rings, if 
available (enough to hold the number 
of plastic bottles to be used). Another 
approach is to rest the bottles in the top 
of the beaker (this method does not use 
the laboratory ring stands), With the 
soil weight, the bottles will be relatively 
stable setting in the beakers. 

pH paper, pen, or meter 

Work Sheet 

GLOBE Science Notebooks 
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into the beaker so that it imp 
reading of the volume of water 


requiring less soil. Regard] 
size bottle is used, it is impo 


. amount of soil, water and 
/ | beakers and bottles used in 


Background formed from, and how it has been managed, 


it passes Farmers and gardeners often add nutrient or 
Miers ay Mesi as edis fertilizer to soil so that it will be better for their 
the soil particles (texture and particle size | Plants. 
distribution), how the particles are arranged on 
(structure), how tightly they are packed (bulk Preparati 


: eral 
density), and the attraction between the soil * Discuss icing s im "i su 
particles and the water. Some types of soil let water characteristics o ve hae Мне: . 
flow in quickly (infiltrate), then hold the water then E RES 
inside the soil (water holding capacity). This might xos: jl 
give plants a w ER hme i of с * Bring in samples of different types of sol 
water. Other types of soil may let the water go from school or from má. ae 
completely through in just a few seconds. Still * Collect a number of clear ee on t 
other soils may keep the water from getting in at bottles with straight ады bati and 
all. None of these soil types is better than the other label and lid and cut off a hi 
- they are simply good for different reasons. Which the top so that the end "d We 
soil property would you look for if you wanted to 500 mL beaker or other с а, the top pi 
plant a garden? Build a driveway or a playground? Note that some of the wi so that the 
What happens if the soil is full of water and a of the bottle should be ы 1 
heavy rain falls on it? How can you change the bottle will fit into the bea We screen 
way your soil holds water? What happens to the * Cut a circle of a fine a er than the 
Soil when organic matter is added, when plants or nylon net about 3 cm d bottle. 
are growing on top of it, when it is compacted, or opening made in the top o : 


esh di 
when it is plowed? шеше 


[едк чоп ep ^ bottle where 
the 
Water in soil is also a key to the transfer of ud X sus kero 
Nutrients from the soil to growing plants. Most اک‎ on a bea 


plants do not eat solid food (although a few do | Place the bottle, mesh ide К ШЕН 
digest insects!) Instead, they take in water through | Set itin a ring stand and p 

their roots and use the nutrients the water has | Under it. 

obtained from the soil. How nutritious is soil? That 

depends on how the soil was formed, what it was 
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What To Do and How To Do It 
Class Investigation 


1. Observe the properties of the soil samples 
that will be used. Use your GLOBE 
Science Notebooks to record information 
about the soil samples which you observe. 
Also record where each sample was found 
and the depth at which it was found. If 
you have done the soil characterization 
protocols, you can also record the 
moisture status, structure, color, 
consistence, texture, and presence of 
rocks, roots and carbonates. 

. Choose one soil (a sandy loam works 
best) to use as a demonstration and place 
1.2 L of the soil in one of the 2 liter 
bottles. 

. Pour 300 mL of water into 500 mL beaker 
or other clear container for pouring. 
Measure the pH of the water. Also, notice 
the clarity of the water. 

Ask the students “What will happen if you 
pour the water onto this soil”? Ask students 
to explain why they think the soil will 
behave this Way when water is poured 
onto it. Some possible questions to ask 
are: 

* How much water will flow out the bottom 
of the container? 

How fast will the water pass through the 

soil? 


Will the pH of the water change, and if so, 

how? 

What will the water look like when it 

Comes out the bottom? 

: Record the class hypotheses on the board 
and ask the students to record the 
hypotheses in their GLOBE Science 
Notebooks, 

j Pour the water onto the soil and begin 
timing. Ask students to describe what is 

аррепіпр as you Pour the water: 
* Ба the water Staying on top? 
* Where is it going? 


* Do you see air bubbles at the top of the 
Water? 
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Just Passing Through Learning Activity - 3 


* Does the water coming out of the soil 
look the same as the water going in? 

* What is happening to the soil Structure, 
especially at the soil surface? 


‚ Record the class observations on the 


board and have the students record the 
information in their GLOBE Science 
Notebooks. Also record how long it takes 
for the water to pass through the soil. 


- Ask students to compare their hypotheses 


and the results of the experiment. 


. Have students record their own 


conclusions in their GLOBE Science 
Notebooks about how the water and soil 
interacted. 


. Once the water has stopped dripping from 


the bottom of the bottle, measure the 

amount of water that moved out of the 

soil into the beaker. Ask students: 

* What happened to the water that is 
missing? 


‚ Notice the clarity of the water. 


* Isit more or less clear than before it 
passed through the soil? 

Test the pH of the water in the beaker that 

has flowed through the soil, record the 

results, and compare the results with the 

pH of the water that was poured into the 

soil. Compare with the student 

hypotheses. 

* Did the pH change? 

* |f so, what might have caused this 
change? 

Using the bottle of saturated soil, ask 

students what will happen if you pour 

another 300 mL of water into the soil, 

Record the class hypotheses on the board. 

* How much water will stay in the soil? 

* How fast will it move through? 

* Will the pH change? 

* How clear will the water be? 

Pour the water back through the soil, 

observe the results, and compare with the 

hypotheses. 

Have students record their questions, 

hypotheses, observations and conclusions 

in their GLOBE Science Notebooks. 
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Figure SOIL-PA-2 


Group Investigations 


Experimenting with different soils 


J 


2 


о 


Review the properties of the various soil 
samples that were brought in. 


. Ask students if they think water would 


pass through all of the types of soils in the 
same amount of time and if all the soils 
would hold the same amount of water. 


. Discuss which soils they think might be 


different and how. 


Have each group of students select one of 


the various soils. 


- Have each group repeat steps 2 - 15 above 


on their own soil. Instead of writing 
hypotheses and observations on the board 
the students will record the experiment in 
their GLOBE Science Notebooks. 


. Have each group Teport on the results of 


their experiment to the class, Reports 

should include questions, hypotheses, and 

observations regarding the following 

variables, as well as their conclusions 

about the variables and how they affected 

the results of their experiment. 

* soil characteristics 

* original water pH and clarity 

* amount of time for the water to pass 
through the soil 

the amount of water Which passed 

through the soi] 

changes in water pH and clarity 

results of the saturation test. 


Note: The information collecte, 
GLOBE Science Notebooks will 
their papers and reports, 


Ў. 


oo 


Further Investigations 
1 


ә е T 
flow. Which strategies work 
С] 
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Just Passing Through Learning Activity - 4 


. Based on the comparison of their 


. Ask the students to explore how what they 


d in the studen: 
be used to prepare 


Review all results with the Class. Have the 
class determine the soil characteristics, 
such as different size of Patticles, space 
between the particles, organic material 
which may hold Water, etc, associated with | 
the fastest and slowest infiltration, 
retention of water in the soil, and changes 
in pH and clarity. 


hypotheses with the experimental results, 
record conclusions about how the water 
and soil interact and how diverse soils 
behave differently in their GLOBE Science 


Notebooks 


have learned from their experiment may 
be used in real life circumstances to 
understand what might occur in their loci 
watershed and land use questions in thet 
community. They might explore questions 
such as: 
* What might happen if the soil in an 
area is tightly compacted and there is 
an extended heavy rain? 


Challenge students to come up УШ 
strategies for building а soil Nc 
liter clear, plastic boule which wil 

or SPEED UP the rate of water flow 
through a soil. 


ishing the 
Brainstorm ideas for accompli 
task. Hint: soil may be sifted anı i 
layered. Students may 
Soils may be 


record thelr 
e soil 


particle sizes 
add clay, sand or mulch. 
compacted. Have students be 
method and measure and ies s 
recipe’ they use. Hint: The a: por | 
may be very slow for a ШШ 
Teachers may want to have $ 

their soil column one day, ji 
student come in before class 
and start the water flow 


tet 
s of wal 
Record the results for the 12165 ^.» 


Figure SOIL-PA-3: Experimental Soil Column 


` COMPACTED 


Ask students to determine whether the 
same strategies work for moving water 
through the soil slowly and for holding 
water in the soil. 


2. Build a soil column similar to the soil 
profile at one of your soil characterization 
sample sites (use the samples for each of 
the horizons in the same order they are 
found in the profile). Observe how the 
Water-soil interaction occurs in а 
simulated profile. 


More Advanced 


Based on the observations and results of their 
experimentation, have students design 
experiments to test other hypotheses they may 
have developed. Some possible ideas include: 


1. Have students hypothesize about how soil 
can affect other aspects of the chemistry of 
Water. Take a reading of NPK using the 
Soil NPK kit with the soil alone, and with 
а Water sample. Repeat the water 
Measurement after it has passed through 
the soil, 

2. Have students experiment with adding salt 
to the water and testing the conductivity 
or salinity of the water before and after it 
805 through the soil. 

. Add Vinegar or baking soda to the water 
and test the PH and alkalinity before and 
after water is added to the soil. 


Water the soil will hold. What are the 
factors that control evaporation? Use 
some soil of the same type in two bottles 
and saturate both with Water. Leave one 
bottle open on top and cover the other 
bottle securely with plastic wrap or other 
cover. Place both in a sunny window. The 
weight of the soil in each of the bottles 
will be a function of how much water it 
holds over time, Students can graph the 
difference in weight over time for the 
covered and uncovered bottles, 

5. Place a mulch or growing sod over the 
soil in the bottle, How does this affect the 
rate at which water infiltrates the soil? 
How does it affect the clarity of the water 
that comes out the bottom? How is this 
related to erosion in the real world? 

6. Ask students what changes may occur if 
the soil remains saturated with water over 
long periods of time. Place a soil sample 
in a bottle which has not had the bottom 
removed, then saturate it. Can they detect. 
changes in structure, color, smell? How 
long does it take for changes to take 
place? 

Have students examine soil moisture data for f ive 
GLOBE sites which have approximately the same 
amount of precipitation over a six month period. 
Graph the monthly soil moisture for each site. 
How do the graphs differ? What other GLOBE 
data can students find that might explain the 
variation? 


Student Assessment 


Students should know the scientific method and 
how to use it to set up an experiment as well as 
understand the scientific content relating to soil 
moisture. They should also be able to 
demonstrate higher order thinking skills such as 
drawing conclusions from experimental 
observations and they should be able to justify 
their conclusions with evidence. These can be 
assessed by using a portfolio assessment of their 
GLOBE Science Notebooks, class participation in 
discussions and the contribution of questions, 


T ы ¢ 
a the students to hypothesize about the hypotheses, observations and conclusions. The 
eect of evaporation on the amount of quality of their presentations are another 
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mechanism for assessing their progress. It is also 
a good idea to have the students prepare a written 
report or a paper on their experiment. The 
experimental work should be done in groups as 
should the presentations and the reports so that 
their ability to work cooperatively in groups can 
also be assessed. 


Note: This activity works nicely when done in 
conjunction with the soil moisture protocol. The 
activity can begin in the classroom before going 
out to set up the sampling strategy or take a soil 
moisture measurement. Additional observations 
and recording of flow rate, volume of water, pH, 
water clarity, etc. can be taken when returning to 
the classroom. (For some soils, it may take some 
time before all the water flows through the soil 
columns.) The activity also places both the soil 
moisture and soil characterization protocols in 
a conceptual context for the students. They 
will understand why the information and data 
they collect are important for developing 
hypotheses, designing experiments to test the 
hypotheses, interpreting observations, and 
making conclusions. They will also develop an 
understanding of the potential research significance 
of the soil moisture and characterization data. 
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Soil Characterization Site Definition Sheet 
Soil Characterization Data Sheet 

Soil Temperature Data Sheet 

Soil Moisture Site Definition Sheet 

Soil Moisture Data Sheet — Star Pattern 
Soil Moisture Data Sheet — Transect Pattern 
Soil Moisture Data Sheet - Depth Profile 
Bulk Density Data Sheet 

Soil Particle Density Data Sheet 

Soil Particle Size Distribution Data Sheet 
Soil pH Data Sheet 

Soil Fertility Data Sheet 

Textural Triangle 

Glossary 
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Soil 


Soil Characterization Site Definition Sheet 


Study Site Name: SCS- 
Location: Latitude: *ONorOS Longitude: SO Er 
Aspect: 


Elevation: _ meters Slope: 
Source of Location Data (check опе): C) GPS О Other 


Method (choose one): Is Soil Characterization site: Site Location (choose one): 
Ори Û On school grounds C] Near the Soil Moisture Study Sit 
О Auger Û Off school grounds C] Near the Soil Moisture and 

О Near Surface Atmospheric Study Sites 


C] Near the Atmosphere Study Site 
Clin the Biology Study Site 


O Other 


Landscape Position (choose one): 
О A. Summit 

О B. Slope 

ÛJ C. Depression 

О D. Large Flat Area 

О E. Streambank 


Cover Type: Parent Material: Land Use: 

О Bare Soil О Bedrock Û Urban 

О Rocks О Organic Material Û Agricultural 

О Grass Û Construction Material ÛJ Recreation 

C] Shrubs О Marine Deposits Û wilderness 

Ц Trees О Lake Deposits Q ome —— — Jd 

О Other О Stream Deposits (Alluvium) —— — — su 
Û wind Deposits (Loess) ہے‎ 
О Glacial Deposits (Glacial Till) 
C] volcanic Deposits 


О Loose materials on slope 


Distance from Major Features: 


Other Distinguishing Characteristics of this Site: —  .. — у 


® 
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GLOBES 2003 


Soil Temperature Data Sheet д 
Study Site: 
Name of Collector/Analyst/Recorder: 
Date: 
Soil Thermometer: Dial Digital Other. . 
Has there been precipitation within the last 24 hours? Yes — No. — 
Daily/Weekly Measurements 
Sample Time Temperature 
No. (hr) (min) 5cm 10 cm 
(C) (C) 
] ммге ый, і ЖА X^ NN 
2 Aem TA 3 EES = 
3 аа: — —— 
j 
Diurnal/Cycle Measurements 
Diurnal Temperature PIT 
Sample Time Temperature Tui 
No. (hr) (min) 5cm 10 cm 40 | 
: (C) (С) ШЕЕ (| 
| — б» 
ш т ered dicis. na E 
3 Е gi 
— 9 20 | 
4 Е LHAT 
2. 8 | HT 
5 sui 8 10 LLL | Le 
6 Moe UM. e Rr Od ы; _ | Ll 
7 s | | Ley 
8 "m Peat 
_—_— WE 
due k had * 28 UE О" 
06 08 Time of Dav 1) 


Daily Metadata/Comments: 
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Soil Investigation 
Soil Moisture Site Definition Sheet 


Create a unique name for your site and give concise directions to it. 
i 


Study Site: 


Directions: 


Location: Latitude: "DONorOS Longitude: “OEorOW 


Elevation; ___ meters 
Source of Location Data (check опе): O GPS O Other 


Site Metadata 


Distance to nearest rain gauge or instrument shelter: m; Direction 


Distance to nearest Soil Characterization Sample Site: m; Direction 


State of Soil Moisture Study Site: 
O Natural О Plowed О Graded О Backfill O Compacted О Other 


Surface Cover: 
О Bare Soil O Short grass («10 cm) O Long grass (10 cm) O Other 


| Canopy Cover: 
О Open O Some Trees within 30m O Canopy Overhead, . 


Structures within 30 m: O No O Yes (describe size) 


Soil Characterization: 


(Take these values from the Soil Characterization Data Work Sheet for the nearest Soil 
Characterization Sample Site.) 


0-5 cm 10 cm 30 cm 60 cm 90 cm 
Structure 
Color 


Consistence 


Texture 
Rocks 
Roots 


Carbonates 
Bulk Density 


Soil Particle Si i 
Size Distribution: 
| % Sand ribution: 


% Silt 
% Clay 
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Soil Moisture Site Definition Sheet - Page 2 


Collector's comments: 
Site Sketch: 
(Scale 1 square = ) 
mE 
— 
BEEREEEEEE 
Er T 
E 180302) 
BELL IL. 
all 
== ee m 
AL 
Ti EC ШИШ! 
| 
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Soil Moisture Data Sheet - Star Pattern 


Study Site: SMS- 
Name of Collector/Analyst/Recorder: 


Sample collection date: 
Local Time: — —  (HoursMim UT... (Hours:Min) 


Current Conditions: Is soil saturated? О Yes О No 

Drying Method: O 95-105° С oven 0 75-95° Coven О microwave 
Average Drying Time: (hours or minutes) 

Bearing from Star Center (optional): Distance from Star Center: 


Observations; 


Near-Surface Samples: 


Sample Sample ^ Container A. B. ©. D. E. E 
Number Depth Number Wet Dry Water Container Dry Soil Soil Water 
Weight Weight Weight Weight Weight Content 
(g) (g) (A-B) (g) (B-D) (C/E) 


1 0-5 cm 


10 cm 
2 0-5 cm 


10 cm 
3 0-5 cm 


10 cm 
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Soil Moisture Data Sheet - Transect Pattern 


Study Site: SMS- 


Name of Collector/Analyst/Recorder: 


Sample collection date: 


Local Time: (Hours:Min) UT: (Hours:Min) 


Current Conditions: Is soil saturated? О Yes О No 
Drying Method: O 95-105° Coven O 75-95° Coven О microwave 
Average Drying Time: (hours or minutes) 


Daily Metadata: (optional) 


Length of Line: m Compass Bearing: Station Spacing: m 


Directions: 


Transects should be 50 m long, located in an open field. Measurements are made 12 times/yr. during 
a regular interval of your choice. Enter the data for your samples collected between 0-5 cm (10 single 
samples plus 1 triple sample): 


Observations: 


Sample Offset Container A. B € D E E 
Number from Number Wet Dry Water Container Dry Soil Soil Water 
end of Weight Weight Weight Weight Weight Content 
i (g) (g) (A-B) (g) (B-D) (C/E) 
m 


= 


O 0 c O uU WwW F&F Ph 


LA 
e 


= 
к= 


= 
N 


= 
Ww 
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) soil Moisture Data Sheet - Depth Profile 


Study Site: SMS- 


Name of Collector/Analyst/Recorder: 


Sample collection date: 
Local Time: (Hours:Min) UT: (Hours:Min) 
Current Conditions: Is surface soil saturated? О Yes О No 


Drying Method: O 95-105" Coven Û 75-95° Coven О microwave 


Average Drying Time: (hours or minutes) 
Bearing from Star Center (optional): Distance from Star Center: 
Observations; 


à Depth Samples: 


Sample ^ Container A. B. G D. E; E 
Depth Number Wet Dry Water Container Dry Soil Soil Water 
Weight Weight Weight Weight Weight Content 
(g) (g) (A-B) (g) (B-D) (C/E) 
0-5 cm 
10 cm 
30 cm 
60 cm 
90 cm 
GLOBE" 2993 
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Soil 


Bulk Density Data Sheet 


Note: All measurements are done without the can lid!! 


Date of sample collection: Year Month 


Day 


Study Site: SCS- 


Horizon Number: _______, Horizon Depth: Top cm, Bottom — cm 
T 
Sample Number 
1 2 

A Container volume (mL) 
B Container mass (g) 
C Wet mass of soil and container (g) L 
D Dry mass of soil and container (g) 
E Mass of rocks (g) 
F Volume of water without rocks (mL) 
G Volume of water with rocks (mL) 
H Mass of dry soil (g) = D-B 
I Volume of rocks (mL) = G-F 
J Bulk Density (g/mL) = H-E | 

A-I 
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Soil Particle Density Data Sheet 


Note: All measurements should be made without the stopper/cap!! 


Date soil is mixed with water: year month 


day 


Study Site: 


Horizon number: 


How has the soil been stored since it came out of the oven? 


Other comments: 


Sample Number 
г; - 2 
Mass of empty flask (g) (B balong | 
Mass of soil + empty flask (g) (A below) | | 
Mass of water + soil +flask (g) (D below) | | 
Water Temperature (*C) (F below) | | 
Calculation Work Sheet 
Sample Number 
fee ti 
A — Mass of soil + empty flask (g) 
B Mass of empty flask (g) um 
C Mass of soil (g) (A – B) T 
D — Mass of water + soil «flask (g) Tm 
E Mass of water B= A) 
Е Water Temperature (*C) 
G Density of water (g/mL) (approximately 1.0) T 
H^ Volume of water (mL) (E/G) 
Il Volume of soil (mL) (100 mL - H) RI. 
J Soi particle density (g/mL) (C/D e 
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Soil 


Soil Particle Size Distribution Data Sheet 


Date of sample collection: Year Month Day 

Study Site: 

Horizon Number: Horizon Depth: Top cm Bottom —— cm 
Sample Number 1 

Distance from 500 mL mark to base of graduated cylinder: _ ст 

Hydrometer Calibration Temperature: ____°C 

А. 2 minute hydrometer reading: _____ C. 24 hour hydrometer reading: 

В. 2 minute temperature: ____°C D. 24 hour temperature: ____°C 
Sample Number 2 

Distance from 500 mL mark to base of graduated cylinder: cm 

Hydrometer Calibration Temperature: ___ SG 

A. 2 minute hydrometer reading: —— С. 24 hour hydrometer reading: ——— 
В. 2 minute temperature: — C D. 24 hour temperature: Û 
Sample Number 3 

Distance from 500 mL mark to base of graduated cylinder: ______cm 


Hydrometer Calibration Temperature; °C 


A. 2 minute hydrometer reading: C. 24 hour hydrometer reading: ——— 


B. 2 minute temperature: Re D. 24 hour temperature: ———— c 
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soil Investigation 
Э soil pH Data Sheet 


Date of sample collection: ____________ Study Site: 


cm, Bottom cm 


Horizon Number: _________ Horizon Depth: Top 
Sample Number 1 — pH Measurement method (check one): O paper O meter 


A. pH of water before adding soil ____ B. pH of soil and water mixture 


Sample Number 2 — pH Measurement method (check one): O paper O meter 


A. pH of water before adding soil ___ B. pH of soil and water mixture 


Sample Number 3 - pH Measurement method (check one): O paper O meter 


A. pH of water before adding soil B. pH of soil and water mixture 


Horizon Number: Horizon Depth: Top cm, Bottom cm 


5 Sample Number 1 — pH Measurement method (check one): O paper O meter 


A. pH of water before adding soil B. pH of soil and water mixture. 


Sample Number 2 — pH Measurement method (check one): O paper O meter 


A. pH of water before adding soil B. pH of soil and water mixture 


Sample Number 3 - pH Measurement method (check one): O paper C) meter 


A. pH of water before adding soil B. pH of soil and water mixture ___. 


Horizon Number: Horizon Depth: Тор ___cm, Bottom em 


S 
ample Number 1 — pH Measurement method (check one): O paper O meter 


A. pH of water before adding soil B. pH of soil and water mixture 


S 
ample Number 2 — pH Measurement method (check one): O paper O meter 


A. 
PH of water before adding soil B. pH of soil and water mixture 


Sampl; 
ple Number 3 - pH Measurement method (check one): O paper O meter 


A, 
) PH of water before adding soil B. pH of soil and water mixture __. 
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Soil Fertility Data Sheet 


Date of Sample Collection: Study Site: 

Horizon Number: Horizon Depth: Top cm Bottom cm 

Sample Number 1 Sample Number 2 Sample Number 3 
Nitrate (N): Nitrate (N): Nitrate (N): 

High | Med | Low | None . High | Med | Low None High | Med | Low None_ 
Phosphorus (P): Phosphorus (P): Phosphorus (P): 

High__ Med__ Low | None__ High Med Low None High Med_ Low_ None_ 
Potassium (K): Potassium (K): Potassium (K): 

High | Med | Low__ None High Med Low None High Med | Low | None_ 
Date of Sample Collection: Study Site: 

Horizon Number: Horizon Depth: Top cm Bottom cm 

Sample Number 1 Sample Number 2 Sample Number 3 
Nitrate (N): Nitrate (N): Nitrate (N): 

High |. Med | Low — None - High | Med | Low None High . Med . Low_ Non. 
Phosphorus (P): Phosphorus (P): Phosphorus (P): 

High |. Med | Low | None _ High | Med | Low None High . Med . Low_ None 
Potassium (K): Potassium (K): Potassium (K): 

High . Med | Low . None . High | Med | Low | None High . Med . Low— None 


Date of Sample Collection: 


Horizon Number: 


Study Site: 


Horizon Depth: Top cm Bottom em 
Sample Number 1 Sample Number 2 Sample Number 3 
Nitrate (N): Nitrate (N): Nitrate (N): Мот 
High | Med Low - None . High | Med__ Low__ None High_ Med. 10% 
Phosphorus (P): Phosphorus (P): Phosphorus (Р): None 
High | Med low - None . High | Med Іоу None High Med— Low 
Potassium (K): Potassium (K): Potassium (K): None 
High | Med . Low | None . 


High | Med | Low None _ 


High Med 10%— 


sal 
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A \/ silty clay 


У) zx 
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percent sand 
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Glossary 


Acid Soil 
A soil that contains more hydrogen ions 
than hydroxide ions and therefore has a 
PH less than 7.0 

Alluvium 
Sediment transported by flowing water 
(e.g. a stream) 

Anomaly 
Something irregular or abnormal 

Basic Soil 
A soil that contains more hydroxide ions 
than hydrogen ions and therefore has a pH 
greater than 7.0 

Blocky Structure 
Irregular block-like soil peds that are 
usually 1.5 cm to 5.0 cm in diameter 

Bulk Density 
Mass of dry soil per unit volume 
(expressed in GLOBE as grams per cubic 
centimeter) 

Chroma 

When referenced to hue, the level of 

intensity of a color 

Columnar 
A type of soil structure where the soil peds 
(or chunks) are in the shape of a column 
with a rounded top. This is found in arid 
regions. 

Concretions 

Rounded masses of mineral matter 

Crytoturbation 
Process of freezing, thawing, and churning 
of a soil 

Dissolution 


Soils, among other compounds, start 
dissolving into smaller units when placed 
in contact with water. 

Diurnal cycle 


A daily cycle, a basic repetition period of 
24 hours. All processes that are dominated 
by the sun are diurnal. Tides, in contrast, 
repeat cycles twice daily. 


Effervescence 
The bubbling action that occurs as а gas 
comes out of a liquid for example when 
the carbon dioxide Bas caused by the 
reaction of carbonate Coatings on soil with 
an acid bubbles through acidic liquid 

Eluviation 
The removal of materials in one horizon 
which are then “illuviated” or deposited 
into a lower horizon 

Erosion 
The removal and movement of soil 
materials by water, wind, ice, or gravity as 
well as by human activities such as 
agriculture or construction 

Evaporation 
Water on Earth's surface or in the soil 
absorbs heat from the sun to the point that 
it vaporizes or evaporates and becomes 
part of the atmosphere 

Extremely Firm Б 
А type of soil consistence in which soil 
peds require extreme pressure, requiring 
the use of a tool (e.g., a hammer), to break 

Face ; 
The way an exposed section of soil or soil 
profile appears 

Firm : il 

A type of soil consistence in which the soi 


peds require significant pressure beige 
breaking 
Floury oth 


— smo 
Having the feel of wheat flour – SM 
and powdery 
Free Carbonates a 
i tin 
Carbonate materials that Rem. d 3 
soil that react with an acid to 100 
dioxide gas 
Freeze-thaw 
ck c 
The mechanical break up of i r 
by the expansion of freezing W 
cracks and crevices 


aused 
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iable 
y A type of soil consistence in which the soil 


ped “pops” when squeezed between the 
thumb and fore finger with a small 
amount of pressure 


Glacial Till , 
Sediment deposited from a melting glacier 


Granular Structure 
Roundish soil peds that are usually less 
than 5.0 cm in diameter 

Gravimetric 
Relating to measurement by weight or 
variations in a gravitational field 

Groundwater 

Water stored underground in a saturated 

zone of rock, sand, gravel or other 
material 

Heat Capacity 
The ratio of the heat required to raise the 
temperature of an object or substance to 
the change in temperature 

Horizon 
An individual layer within the soil which 
has its own unique characteristics (such as 
color, structure, texture, or other 
properties) that make it different from the 
other layers in the soil profile 

Hue 
A particular color as distinguished from 
other colors 

Humus 
The part of the soil profile that is 
composed of decomposed organic matter 


from dead and decaying plants and 
animals 


Hydrometer 


i: Instrument based on the principles of 
Чоуапсу used to measure the specific 
B'avity of a liquid in relation to the 


Specific gravity of pure water at a specified 
temperature 
Iluviation 


T ; в 
" deposit of materials carried by water 
Eis ES horizon into another within the 
Such as clay or nutri i i 
Infiltration y ents in solution) 


Do 
Мага entry of water into the soil 


In situ 
Latin for the original position 
Leaching 
Removal of soluble material in solution 
from the soil by the movement of water 
through the soil 


lithosphere 
The outer layer of soul and rock on a 
planet is called the "lithosphere" after the 
Greek word "lithos" meaning "stone." 

Litter 
The covering over the soil in a forest made 
up of leaves, needles, twigs, branches, 
stems, and fruits from the surrounding 
trees 

Loess 

Sediment transported by wind 

Loose 
A type of soil consistence in with the soil 
grains do not stick to one another (i.e. 
structure is single grained). 

Massive Structure 
A structureless soil in which all soil 
particles are stuck together and there are 
no distinct peds 

Metadata 
Data about data. Soil moisture data 
requires metadata describing the 
vegetation cover and possible sources of 
water in order to be interpreted properly. 

Mottles 
Spots of different colors in a soil, usually 
indicating poor drainage 

Nomenclature 
A particular naming convention agreed to 
by many individuals or scientists 

Organic Matter 
Any plant or animal material added to the 
soil 

Particle Density 
The mass per unit volume of soil particles, 
excluding pore space 

Particle Size Distribution 
The amount (percent) of each of sand, silt, 
and clay in a soil sample 
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Ped 
An individual unit of natural soil structure 
or aggregation (such as granular, blocky, 
columnar, prismatic, or platey) 

Pedogenesis 
The formation of soil profiles depending 
on the five soil-forming factors (climate, 
parent material, topography, organisms, 
and time) to create the Pedosphere 

Pedosphere 
The thin outer layer of the Earth which is 
made up of soil. The pedosphere acts as 
an integrator between the atmosphere, 
biosphere, lithosphere, and hydrosphere 
of the Earth. 

Permafrost 
A continuously frozen soil horizon 

Platy Structure 
Flat, plate like soil peds 

Porosity 
Percentage of soil volume not occupied by 
solid material 

Prismatic 
A type of soil structure in which the soil 
ped is in the shape of a prism 

Runoff 
Water that falls on the land surface but 
does not infiltrate and therefore flows 
across the land surface 

Single-grained Structure 
A structureless soil in which each soil 
grain is loose in the soil (i.e. there are no 
peds) 

Soil Consistence 
How easy or hard it is for a soil ped to 
break apart when it is squeezed 

Soil Fertility 
The ability of a soil to supply the elements 
and compounds needed for plant growth 

Soil Horizons 
An identifiable soil unit due to color, 
structure, or texture 

Soil pH 
Measure of the acidity of a soil 


Soil Profile 
The “face” of a soil when it has been cut 
vertically that shows the individual 
horizons and soil properties with depth 

[Soil] Saturation 
When the pores of a soil are completely 
filled with water 

Soil Structure 
The shape of soil units (peds) that occur 
naturally in a soil horizon. Some possible 
soil structures are granular, blocky, 
prismatic, columnar, or platy. Soils can 
also be structureless if they do not form 
into peds. In this case, they may bea 
consolidated mass (massive) or stay as 
individual particles (single-grained). 

Soil Texture 
The way soil “feels” when it is squeezed 
between the fingers or in the hand. The 
texture depends on the amount of sand, 
silt, and clay in the sample (particle size 
distribution), as well as other factors (how 
wet it is, how much organic matter is in 
the sample, the kind of clay, etc.) 

Soil Water Content 
A measure of how much water is present 
in the pores of a soil, specifically, the ratio 
of the mass of water to the mass of dry 
soil. 

Subsoil 
The common term for the layers beneath 
the topsoil 

Supernatant С 
Liquid above the settled soil that is 
than the soil 

Topsoil 

E The common term for the top layer o 

Transect 
In any field (outdoor) study, à шоа 
consists of a line of study, often divi 
into intervals where observations 07 
samples are collected. 
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Transpiration A 
Water in plants escapes or transpires into 


the atmosphere as the leaf stomates open 
to exchange carbon for oxygen. 

Uniform 
This term is used in its traditional sense 
that some characteristic displays similar 
properties, Two related words are 
homogeneous (distributed evenly) and 
normal (distributed about a central mean 
value and described by a statistical 
equation). 

Value 
When referenced to hue, an indication of 
the lightness of a color. 

Volatilization 
Evaporation of elements from the soil 

Water Erosion 
The physical fracturing and chemical 
decomposition of rock by water 

Wind Erosion 
The disintegration and decomposition of 
rock by wind 
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AGLOBE Learning Investigation 


Land Cover/Biology Investigation 
at a Glance 


Protocols 
Land Cover Sample Site Protocol 
Data collected once for each site: GPS location, photographs, land cover classification, 
Biometry Protocol | 
Data collected once to determine land cover class of Land Cover Sample Sites or more ойеп [о study 
changes in biomass over time: canopy cover and ground cover, tree, shrub and/or graminoid height, 
tree circumference, graminoid biomass, dominant and co-dominant vegetation. 
Manual Land Cover Mapping Protocol and Computer-aided Land Cover Mapping Protocol 
Perform once to create a land cover type map of your GLOBE Study Site and then update as desired. 
Land Cover Change Detection Protocol 
Perform once to create a map that illustrates changes that have occurred over time (period of a 
few years) in your GLOBE Study Site. E 
Suggested Sequence of Activities 
Note: Certain Learning Activities are desirable prior to implementing Protocols. 
Read the Introduction, especially Measurement Logistics and Suggested Methodology. 
Perform Getting to Know Your Satellite Imagery and GLOBE Study Site Learning Activity. 
Make a densiometer and clinometer (see Investigation Instruments). 
Review how to pace and use a compass, densiometer, clinometer and tape measure (see 
Investigation Instruments). 
Practice the GPS Protocol (see GPS Chapter) and the Biometry Protocol. 
Choose appropriate Land Cover Sample Sites within your Study Site (review Sample Site 
Selection and Set-up). 
Perform the Site Seeing Learning Activity - introduces systems concepts. 
Perform the Leaf Classification Learning Activity - introduces the concepts of classification. 
Practice using the MUC System to classify land cover. 
Perform Land Cover Sample Site Protocol at each Sample Site. 
Perform the Odyssey of the Eyes Learning Activity - introduces remote sensing. Tei 
Perform either Manual Mapping: A Tutorial for the Beverly, MA Image (from the Appendix) ci 
will be doing a manual map or the Unsupervised Clustering Tutorial (from the MultiSpec 
you will be doing a computer-aided map. study 
} tu 
Perform either Manual or Computer-aided Land Cover Mapping Protocol using your GLOBE 
Site satellite image. 
i ent. 
Perform the Bird Beak Accuracy Assessment Learning Activity - introduces accuracy и. land 
Perform the Accuracy Assessment Tutorial from the Appendix to analyze the accuracy of yo 
Cover type map. 
Perform the Land Cover Change Detection Protocol. "mco 
ош the Discovery Area Learning Activity - uses the satellite images and maps e 
Using GLOBE Data to Analyze Land Cover Learning Activity - relates land cover data t 0 
GLOBE investigation measurements, j 
Tand CO 
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The Big Picture 


Farth’s surface is two-thirds water. The continents 
on which we live make up the remainder. Until 
the launch of the first humans into space, we did 
not fully appreciate the beauty and diversity of 
our planet. We rely on Earth's surface (and a little 
bit above and below) to supply most of what we 
need to live. Therefore, mapping and monitoring 
this surface is critical to our wise use and 
protection of it. 


Remote sensing simply means learning something 
about an object without making direct contact with 
it, We use remote sensing every day by hearing, 
smelling, and seeing. Historically we have used aerial 
photographs taken from balloons, airplanes, and 
more recently, digital images acquired by orbiting 
satellites, to map and monitor Earths land cover. 


Remote sensing from space has the great 
advantages of being able to cover very large areas 
quickly and to revisit the same area frequently. 
However, some of the detail that can be seen at 
ground level may not be detected by a remote 
Sensing system. Therefore, it is beneficial to collect 
data at sample sites on the ground to accompany 
remotely sensed data about an area. It is not 
possible to effectively visit every place on Earth to 
map the land cover. Instead, we rely on samples — 
actual ground visits — and relate these samples to what 
We can see using various remote sensing systems. 


Remote sensing observations of the land surface are 
hec. presented as digital images. Each element of 
"us n isa pixel or picture element. The size 
Pi s depends on the spatial resolution of the 
ШЕ pa Instrument. Spatial resolution refers 
ШЕ ie è smallest object or area that can be 

Ta | ү from its surroundings. The Landsat 

NN apper (TM) imagery used in the GLOBE 
ЖЫП аза Spatial resolution or pixel size of 

m. See Figure LAND-I-1. 


colton refers to the wavelengths of light, 
ee att = m bands, the satellite image sensors 
ег Rs measuring, Our eyes also sense 
ein ay engths of light (colors), but we only 
ange of wavelengths known as the visible 


portion of the spectrum. The new Landsat 7 
Enhanced Thematic Mapper is capable of sensing 
six bands — blue, green, red, near infrared and two 
mid-infrared, — at 30 m x 30 m spatial resolution. It 
also senses one band in the thermal infrared at 
60 m x 60 m spatial resolution and one panchromatic 
band covering wavelengths from blue to near infrared 
at 15 m x 15 m spatial resolution. In GLOBE, we 
make use of five of the first six bands, which are the 
same as those available from earlier Thematic Mapper 
instruments. For more information on remote sensing, 
refer to the Remote Sensing section of the 
Implementation Guide. 


Remote sensing scientists use satellite images as 
tools to help make maps of land cover types. An 
important issue that arises is, “How good are the 
land cover maps made from remotely sensed 
data?” The way to answer this question is to 
conduct an accuracy assessment of the remotely 
sensed map. If appropriate sample land cover sites 
are visited on the ground, then these samples can 
be compared to the same areas on the map and a 
measure of map accuracy determined. In this way, 
we can evaluate how good our land cover maps 
are. This assessment is very useful when it comes 
to making important decisions about Earth’s land 
cover from these maps. 


Finally, it is important that the ground samples 
and the remote sensing maps use the same 
classification system. A classification system 
consists of a list of labels or land cover types and 
the corresponding definitions for each label. Since 
the GLOBE Program is a world-wide effort, it is 
important that the classification system chosen be 
appropriate for any place on Earth. In the GLOBE 
Program, we have modified a widely accepted 
system developed by UNESCO (United Nations 
Educational, Scientific and Cultural Organization) 
to include both natural and developed land cover. 
This system is called the Modified UNESCO 
Classification (MUC) System. Everyone in the 
GLOBE Program uses MUC to label sample sites 
visited on the ground as well as the maps made 
from the remotely sensed data. Therefore, a 
consistent and uniform land cover map can be 
created for the entire world and validated. 
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Why Investigate Land 
Cover? 


Land cover is a general term used to describe what 
is on the ground or covering the land. Different 
land cover terms are used to describe the 
differences we see when we look at the land. Land 
cover can include where we live (in houses or 
apartments), where we do business and produce 
goods and services (commercial and agriculture 
areas) and how we travel (on roads, trains, and 
from airports). It is also a term that is used to 
describe different natural habitats; desert, forest, 
woodland, wetland, glaciers and water bodies, 
among others. All living things depend on their 
habitat, their land cover, for survival. They find 
shelter there, they find food there, and they find 
protection there. Land cover has a direct effect on 
the kinds of animals that will likely inhabit an 
area. Therefore, land cover is of great interest to 
ecologists, who study how plants and animals 
relate to their environment. 


Land cover can influence weather, soil properties, 
and water chemistry. Different land cover types 
are all distinct in their effects on the flow of energy, 
water and various chemicals between the air and 
surface soil. Natural land cover, meaning land 
cover that is not the result of human activity, is 
often an indication of the climate of an area. For 
instance, forests may be found on the wet side of 
a mountain while in the rain shadow on the other 
side there may be shrubland. In a coastal region 
with frequent fog, the plants that grow there 
modify the soil over time. The land cover in such 
an area is a community of trees, shrubs, and other 
plants indicative of a loggy coast. Large rainforests 
actually create their own weather with daily rain 
Showers. In deserts, plants adapted to dry 
conditions dominate the land cover. 


Knowing the type of land cover in a region helps 
us understand the local climate. For scientists 
studying atmosphere, soil and hydrology, the type 
of land cover surrounding measurement sites is 
an important piece of information. This type of 
information is often referred to as metadata and 


helps provide a context for eval 
collected by the scientists or student. 
However, for land cover Scientists, la 
provide much more than that. 


Uating data 
S on that site, 
ind cover dat; 


Mapping 


Data collected at land cover sample sites visited 
on the ground help land cover scientists to create 
and label land cover maps produced from satellite 
images and aerial photographs. Additional 
independent ground sample sites help verify how 
accurate these maps are. Data from ground sample 
sites such as detailed biometric observations 
(measurements of living things) help Earth 
systems scientists improve their ability to interpret 
satellite imagery. 


Monitoring 


Land cover maps are used to monitor endangered 
plants, animals and habitats, economic 
development, land use, fire fuel management, 
cropland management, wetland loss, effects of 
environmental change in ecosystems and other 
changes in land cover over time. The list of uses 
is long once scientists have access to accurate and 
precise land cover data. 


Biometry data collected in the field assist We 
in monitoring the amount of nutrients, water an 
gases in vegetation. This is helpful A 
understanding Earth systems, including; e 
cycles, the energy cycle and the hydrological cy 4 
Land cover influences these cycles in a PN 
ways. One example is how solar ie 
reflected by land and vegetation, affects ion 
and global climate patterns. Since e. è 
component of numerous systems, moniti ШОП 
characteristics will provide more i. Ui 
understanding global ecological lee 
are part of nutrient cycles and hydro on monitor 
and they can be used as udin vse бай 
changes in these systems. Remote у kinds 0 
that discriminate between аз: health and 
vegetation may be used to determin 

density of plants, but require gro 


und observation 
jonships- 
to quantify and calibrate these relatio 
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Figure LAND-I-1: Example Satellite Image 
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you zoom in on a 15 km x 15 km satellite image, the pixels (which are 30 mx 30m 

acis become visible. In the Land Cover/Biology Investigation, students take field 
Surements at sites that are 90 m x 90 m (equal to 3 pixels x 3 pixels). 
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Scientists Need GLOBE 
Data 


Scientists collect ground data to learn as much 
about Earth as they can. Ideally, Earth systems 
scientists would like to have information about 
every place on our planet. The more ground data 
the better. Practically, it is only possible to collect 
this information for a small sample of areas. 
Remote sensing provides a means of relating 
observations and measurements on the ground 
to the larger regional and global views. Ground 
data are needed to learn about sample areas and 
to validate (i.e., compare with) the maps 
generated from remotely sensed data. At a GLOBE 
school, students can significantly add to our 
limited supply of ground information. No other 
group in the world is collecting a uniform data 
set such as this. Therefore, GLOBE schools are 
providing unique, valuable information that will 
help scientists to better understand Earth. 
Through the Land Cover/Biology Investigation 
Mapping and Data Collection Protocols, GLOBE 
students will significantly help Earth systems 
science while increasing their own knowledge and 
understanding ofthe scientific process, ecological 
systems and their surrounding landscape. 
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Educational Objectives 


Students participating in the activities presented 
in this chapter should gain scientific inquiry 
abilities and understanding of a number of 
scientific concepts. These abilities include the use 
ofa variety of specific instruments and techniques 
to take measurements and analyze the resulting 
data along with general approaches to inquiry. The 
Scientific Inquiry Abilities listed in the grey box 
are based on the assumption that the teacher has 
completed the protocol including the Looking At 
the Data section. If this section is not used, not 
all of the Inquiry Abilities will be covered. The 
Science Concepts included are outlined in the 
United States National Science Education 
Standards as recommended by the US National 
Research Council and include those for Earth and 
Space Science, Physical Science, and Life Science. 
The Geography Concepts are taken from the 
National Geography Standards prepared by the 
National Education Standards Project. Additional 
Enrichment Concepts specific to the land cover 
measurements and mapping have been included 
as well. The gray box at the beginning of each 
protocol or learning activity gives the key scientific 
concepts and scientific inquiry abilities covered. 
The following tables provide a summary 
indicating which concepts and abilities are 
covered in which protocols or learning activities. 
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Basic 


Protocols 


National Science Education Standards 


Sample 
Site 


Biometry Manual 


Map. 


Physical Science Concepts 


Properties of Objects and Material (K-4) 


Objects have observable properties 


Position and Motion of Objects (K-4) 
Position of objects can be described by locating it relative to another object 


Life Science Concepts 


The Characteristics of Organisms (K-4) 


Earth has many different environments that support different 


combinations of organisms 
Organisms and their Environments (K-4) 


Organisms' functions relate to their environment 


Organisms change the environment in which they live 


Humans can change natural environments 


Structure and Function of Living Systems (5-8) 


Ecosystems demonstrate the complementarity 
nature of structure and functio 


Regulation and Behavior (5-8) 


All organisms must be able to obtain and use resources while living in a 
constantly changing environment 


Populations and Ecosystems (5-8) 
АП populations living together and the physical factors with which they 


interact constitute an ecosystem 


The Interdependence of Organisms (9-12) 


Humans can change ecosystem balance 


Geography Concepts 


How to Use Maps (real and imaginary (K-4)) 


The Physical Characteristics of Place (K-4) 


The Characteristics and Spatial Distribution of Ecosystems (K-12) 


How humans modify the environment 
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National Science Inquiry Standards 


Sample 
Site 


Basic Protocols 


Biometry | Manual 
Mapping 


| General Scientific Inquiry Abilities 


Use appropriate tools and techniques 


Construct a scientific instrument or model 


Identify answerable questions 


Design and conduct scientific investigations 


Use appropriate mathematics to analyze data 


Develop descriptions and explanations using evidence 


4 


Recognize and analyze alternative explanations 


Communicate procedures and explanations 


Specific Scientific Inquiry Abilities 


Use appropriate field instruments and techniques to gather 
Land Cover sample 


Make observations in order to determine the appropriate land cover type 


Communicate the results of land cover classification to reach a consensus 


Identify biometry measurements needed for MUC 


Use vegetation field guides to identify vegetation and species 


Interpret data to propose MUC classification 


Classify land cover and create a land cover type та 


Evaluate how accurate the land cover map t 55 
ropriate tools and technology to interpret change 


Gathering spatial data and historical data to determine validity of change 
hypotheses 


Use maps, aerial photographs and other tools and techniques on order to 
create a land cover map 


Recognize and analyze differing viewpoints on land cover classification and 
reach a consensus 


Integrate data from variety of different data sets to gain dynamic 
understanding of how earth system works 


للل — 


Classification helps organize and understand the natural world سا‎ 
A classification system is a system of labels and rules used to sort objects _ سل‎ 
A hierarchical system has multiple levels of increasing detail 


Observe a landscape and design a model of it 


Draw a landscape from various perspectives 
Use different scales to view a group of objects 


Identify decision criteria for a classification tem, and use it to classify birds 


اک 


Collect and interpret validations data 


Use numerical data for in describing and comparing the accuracy of the 
classification 


Use the land cover type map to disc 


É + uss how a structure will affect organisms 
using a particular land cover type 


Analyze different scenarios that change the land cover of an area 


Evaluate different solutions to various scenarios 


Use GLOBE Website to gather, analyze and interpret data 
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Measurement Logistics 


Overview 

This Investigation will involve studying the land 
cover in your GLOBE Study Site, a 15 km by 15 km 
area centered around your school. Within this 
Study Site, you will visit various Land Cover 
Sample Sites to collect data about the type of land 
cover present. Each of these Sample Sites must 
be 90 m X 90 m in size and have the same land 
cover type throughout. GLOBE provides the 
imagery of your Study Site. As you build an 
understanding of the land cover in your area, you 
will create a land cover type map from the satellite 
imagery. Ultimately, changes over time in land 
cover are studied through a comparison of two 
co-registered satellite images of your GLOBE 
Study Site and the accompanying ground 
measurement data that you have collected. The 
images are acquired a few years apart and you 
can compare the changes that occur between the 
two dates. 


Where are measurements taken? 


Your Land Cover/Biology Investigation measure- 
ments are taken in your GLOBE Study Site. This 
is the 15 km x 15 km area, with your school near 
the center, defined by the Landsat Thematic 
Mapper (TM) satellite imagery provided to you 
by GLOBE. For information on obtaining this 
imagery, contact your Country Coordinator, US 
Partner, or the GLOBE Help Desk. By performing 
the protocols and learning activities associated 
with this investigation, you and your students will 
become intimately familiar with this part of our 
global environment. Together, you will create and 
validate a land cover type map of this area. 


Within your GLOBE Study Site, it is important 
that you select appropriate ground sites (called 
Land Cover Sample Sites) for observation and 
detailed measurements. See Figure LAND-I-1. You 
should have at least one Land Cover Sample Site for 
every type of land cover that exists in your Study 
Site. These Sample Sites are areas of homogeneous 
land cover (the same land cover type throughout) 
at least 90 m x 90 m in size. If you are in an area 
of homogeneous land cover that is larger than 
90 m x 90 m, locate your Sample Site toward the 


center of the area. See Figure LAND- 
Site area of 90 m x 90 m is necessa 
accurately locate the site on the 
the satellite imagery. This area is 
Landsat Thematic Mapper (TM) Pixels (a square 
of 3 pixels by 3 pixels). See the Remote Sensing 
section of the Implementation Guide. 


1-2. A Sample | 
Ty in order tg 
ground and on 
equivalent to 9 


You may collect data from areas outside your 
GLOBE Study Site as well. For instance, some 
schools make periodic visits to remote natural sites 
such as national parks. They collect data while on 
these field trips and report their measurementsto 
GLOBE. If your school will make repeated visits 
to such a remote location, you should request 
Landsat image products for this site from GLOBE 
so that you can do all aspects of the Land Cover! 
Biology Investigation for this additional area. 


What measurements are taken? 

There are two varieties of land cover measurements 
reported to GLOBE. The first involve observations 
taken at each of your Land Cover Sample Sites : 
The second involve land cover type maps that yol $ 
make of your GLOBE Study Site. 


The Land Cover Sample Site Protocol details Ec 
for taking measurements at a Land Cover Samp 
Site. There are three essential observations: 


Land Cover 


Figure LAND-I-2: Homogeneous 


Homogeneous Land Cover 


TE 
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) + Latitude, longitude and elevation using a 

GPS (Global Positioning System) receiver. 

e Land cover classification (using the MUC 
System, GLOBES land cover classification 
system). 

* Photographs taken in the four cardinal 
directions (N, S, W, and E) from the 
center of the site. 


To determine the land cover classification you 
may need to take additional measurements. The 
amount of measurements will vary depending on 
thenature of the land cover at the site. Classifying 
asite can take from 20 minutes to approximately 
an hour, depending on which measurements you 
must take. In addition to the measurements from 
the Land Cover Sample Site Protocol, you may 
include quantitative measurements of the mass 
of plant matter present, known as biometry 
measurements. The Biometry Protocol outlines the 
steps to take these measurements, which include 
canopy and ground cover, tree, shrub and/or 
graminoid height, tree circumference and 

) Braminoid biomass. All relevant Biometry 
measurements should be taken in order to 
determine and/or verify the correct land cover 
Class. These measurements are used to study 
Vegetation growth and change. Throughout your 
investigation, you will collect and report data 
from a variety of Sample Sites. 


As part of the Land Cover/Biology Investigation, you 
will also generate land cover maps of your Study 
Site. You will create a map of land cover type 
either by hand following the Manual Land Cover 
Mapping Protocol or through the use of MultiSpec 
Software following the Computer-aided Land Cover 
TOM Protocol. The culmination of your 
en "gation will involve comparing satellite 

ges acquired a few years apart to study land 


the environment surrounding your school and you 
will be able to monitor change as it happens. For 
your school, these protocols can last from one day 
to weeks to months to years. Please refer to the 
specific section on the Mapping and Accuracy 
Assessment Process for more details. 


When are measurements taken? 


The best time to take the measurements for the 
Land Cover Sample Site and Biometry Protocols is 
during the peak of the growing season. This is when 
it is best to assess the land cover class of the site 
and the full canopy and ground cover. If you are 
going to visit a site repeatedly and take biometry 
measurements to monitor changes in biomass over 
time for a period of years, you can visit the site 
once every year at the same time of year. Or, if you 
would like to track changes in biomass throughout 
the year, you many choose to visit a site twice a 
year or more, once during the peak of the growing 
season and once during minimum growth (ex. dry 
season or winter). The mapping protocols can be 
performed at any time of year. 


Special Considerations 

A number of time management, educational, and 
logistical issues should be considered in deciding 
how to present and undertake the various Land 
Cover/Biology Protocols. 


* Land cover data can be collected from all 
land cover classes as long as the sites are 
homogeneous and at least 90 m x 90 m in 
size. 


Biometry measurements in Land Cover 
Sample Sites are very useful and offer 
students a more complete view of the land 
cover assessment process. They are used to 
decide the correct land cover class for a 


E Change over time by following the Land Land Cover Sample Site. 

а ction Protocol. For the mapping * Land Cover Sample Site observations are 
Teported to E ШАР; product is the data useful and can be quickly and efficiently 

€ Mappin; BE and this is done at the end of collected in sufficient number to validate 
lean more ү rocess, These maps are created to (or assess the accuracy of) your land cover 

) observations EM iig surroundings by taking type map generated from the Landsat 

Sample E. measurements at selected Thematic Mapper imagery. 

Nestigation, face атти fiiia * Students benefit from practicing biometry 

_ WOW a great deal about measurements before going to their Land 
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Cover Sample Sites. Practice, before going 
into the field, can lessen the amount of 
time it takes to collect the observations at 
the site. 


* Ifa GPS receiver and a camera are 
available, observation of a Land Cover 
Sample Site can be accomplished quickly. 
If they are not, you will have to return to 
the site to complete the observations. It 
would be to your benefit to have these 
with you in the field. 


* Schools should collect as many Land 
Cover Sample Sites as possible for each 
land cover type present on their land 
cover type map because many samples are 
needed to assess the accuracy of the map. 
Sites collected in different years, by 
different classes, or even neighboring 
schools can all be used in the accuracy 
assessment process. 


* Besure to note the difference between 
naturally vegetated sites and cultivated 
sites. 

* Review the Glossary of Terms to make sure 
that you understand the terms used 
throughout this Investigation. 


Getting Started 


Using the Land Cover/Biology Protocols, you and 
your students can explore the land cover in your 
GLOBE Study Site and answer questions that are 
relevant to your particular area, region and/or 
students. Land cover map creation is just one step 
for scientists. Once they have created this map, 
they can use and modify it in order to study a 
specific question they are researching. For 
instance, scientists may be studying the habitat 
ofa certain animal or plant, the succession of fields 
to forests or the rate of growth of a particular 
village, town or city. They may also be looking at 
the amount of undeveloped land, how to protect 
water resources, or where to plant certain crops 
during the next growing season. Town planners 
may be interested in creating a map in order to 
decide new school boundaries, where to connect 
Tecreational trails to create one continuous system 
or how to efficiently run public transportation. 
These are just some Possible uses of your maps. 


By creating a base map, you and 
have a powerful tool to begin to loo! 
students feel is important in their 


Your students 
k at what your 
Particular area, 
There are many ways to begin Your investigation 
of land cover. One of the simplest and quickest is 
to use the learning activity, Getting to Know Your 
Satellite Imagery. It is an exploration of the imagery 
From there, you and your students can begin to 
notice the *pattern" of land cover in your area, 
This may bring up community issues that interes 
your students — water bodies that need protection, 
land that is being eroded, a trail system that can 
be connected to other systems, etc. Beginning with 
these ideas, introduce the protocols as a way to 
explore these issues further. The student 
introduction page for each of the protocols offers 
some questions that your students should be 
thinking about to be in the correct “mindset” for 
that protocol. It introduces the kind of data they 
will be collecting, asks students to think about 
why they are collecting that particular data, and 
then asks them how they can apply it to their ж 
questions. By beginning with the learning activity 
or the protocols themselves, the Land Cover Biology 
Investigation leaves it to your students to choose 
what particular part of their environment үй 
want to explore. If your students are hesitant | 
generating their own questions or do not m 
idea where to begin, just collecting the ". ч 
Sample Site data and working on the lan a 
map is a great start, and may help M | 
up with their own questions. The д 
Change Detection Protocol also can m a 
for the question: What amount 0 емее 
taken place іп my GLOBE Study Site 


i ? 
years of the two images: 


datà 
А ; r as much 
Feel free to start with as little 0 Land Cove 


collection as is comfortable. One 2 ca be 
Sample Site is a start. Multiple Si! d jf 
collected the next year, once ue if you 
students get accustomed to the pro 

and your students are ready = T 
surrounding your school, begin 
Biology Investigation! 


а cover! iol) 
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Protocols At A Glance 


PROTOCOL | What procedures | Where are When are What equipment 
are performed? procedures procedures is needed? 
conducted? conducted? 
Land Cover MUC, latitude, Ina90mx90m | Once for every new | MUC Field Guide 
Sample Site longitude, homogeneousarea | site during peak or MUC System 
elevation, growing season, or | Table and MUC 
photographs more frequently in | Glossary of Terms, 
sites of your GPS, camera, 
choosing compass, biometry 
equipment 
Biometry Canopy cover, At Land Cover To determine MUC | Densiometer, 
ground cover, tree, | Sample Sites ortosupplement | clinometer, 
shrub and the observations measuring tapes, 
graminoid height, at a site Vegetation Field 
tree circumference, Guides, grass 
graminoid biomass clippers, 
MUC Field Guide 
or MUC System 
Table and MUC 
Glossary of Terms, 
. GPS, camera, 
y compass 
B = 
Manual Manually create a | In class, Once, but may be | Landsat TM images, 
Land Cover land cover type for entire an iterative process | transparencies, 
Mapping map GLOBE Study Site | as new sites are markers, MUC 
added Field Guide or MUC 
System Table and 
MUC Glossary of 
8955 Terms 
Computer- Digitally create a On uL E WEN 
aided Land land cover type for entire an iterative process | TM data on disk, 
EY map GLOBE Study Site | as new sites are MultiSpec software, 
apping* added MUC Field Guide 
or MUC System 
Table and MUC 
Glossary of Terms 
Change Create a land cover | b be | Computer, Landsat 
Detection* cover | On computer, Once, ut may be omputer, П 
change map for entire an iterative process | TM data on disk 
GLOBE Study Site | as new sites are for two different 
added time periods, 
3 MultiSpec 
, software 
a EE 
" See the ful 


l e-gui " 
€uide version of the Teachers Guide available on the GLOBE Web site and CD-ROM. 
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Suggested Methodology 


The following flow diagrams (Figure LAND-1-3, 
Figure LAND-I-4) present the methodology to 
conduct the Land Cover/Biology Investigation. The 
investigation focuses on determining and mapping 
the land cover for a particular area, the GLOBE 
Study Site, and monitoring it for changes over 
time. This flow diagram is divided into two parts. 
The first part outlines the land cover data 
collection methods and the second part shows the 
land cover mapping and change detection 
procedures. Italics indicate the protocols within 
the flow diagram. All these measurements can be 
used to improve our understanding of the cycling 
of energy, water and chemical elements such as 
carbon and nitrogen. The land cover maps 
students make of their GLOBE Study Site and 
maps of larger areas created by scientists can be 
used for management, research, and student 
inquiry. How and where are land cover types 
changing? Are there differences in soil fertility 


Figure LAND-I-3 


between the soil under a deciduo 
wetland? What happens to the 
when the surrounding land cove: 
and many other questions are be 
the help of accurate land cove 
measurements. 


us forest anda 
water chemistry 
r changes? These 
SL answered with 
T maps and field 


Data Collection 


To begin the Land Cover/Biology Investigation you 
need to become familiar with your GLOBE Study 
Site by examining the Landsat Thematic Mapper 
(TM) satellite image and any other maps or photos 
of the area that you can obtain. Along with 
examining the imagery, sites on the ground should 
be explored to begin to understand the various 
types of land cover within the 15 km x 15 km 
GLOBE Study Site. Once you gain some familiarity 
with the GLOBE Study Site, select homogeneous 
areas (the same land cover type throughout) for 
collecting Land Cover Sample Site data. Before 
going to sites, students should have an 


m у. _ 


Land Cover Data Collection Methodology 


Start with your satellite image and any other maps and 
photos of your GLOBE Study Site and begin to identify/label areas 
on the image and/or explore the ground within your GLOBE Study 

Site to determine different types of land cover. 


| 


Pick a homogeneous area for a Land Cover Sample Site 


Perform the If necessary, perform the 
Land Cover appropriate biometry — |——*| Perform the 
Sample Site measurements to determine Biometry 
Protocol the correct MUC class. Protocol 
[езе Бү да 
01087 
GLOBE* 2003 tana coer 


Introduction - 14 


Figure LAND-I-4 


Land Cover Mapping and Change Detection Methodology 


Collect enough Land Cover Sample Sites to represent 
your GLOBE Study Site 


| 


Classify/map (label with 
MUC) your 
GLOBE Study Site 


Using the 
Manual «—]1 


Land Cover к 


Маррїпд 


Protocol | 
- 


Validate your land cover map 
of the GLOBE Study Site 


| 


Analyze the amount of 
change that has taken 
place in your GLOBE 
Study Site using the 

à Change Detection Protocol 


Using the 
| —>| Computer-aided 
Land Cover 

Mapping 
Protocol 
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understanding of the land cover classification | Itis highly desirable for you and your students to 


system used in GLOBE, the MUC System, and how 
the biometry measurements can be used to help 
шде the MUC class. Also, Бе sure that you 
E all the necessary equipment to carry out the 

measurements, You will make a few key 


collect data for several Land Cover Sample Sites 
in each of the major types of land cover identified 
within your GLOBE Study Site. You should also 
collect as much biometry data as needed at each 
Land Cover Sample Site to accurately classify the 


lec i ii do. 

à шиш yourself following directions | site using the МИС System. Start with the most 

mw ‚ш Instruments section of this | common types of land cover, and continue to add 

fhe em by s ould also have enough copies of | sample sites until you have collected data for as 
i 


des for taking the measuremen 

| ts 

aed in the Protocols) and the corresponding 

La Y (found inthe Appendix). Students who 
€ the biometry measurements before field 


many of the land cover types as you can. Doing 
this investigation is made easier if your students 
have a GPS receiver with them when they are at 
each site. This way, they do not have to return to 


collecti 
eficient X or the measurements more | the site later, find the center and take 
Omogeneous ga oe in the field. Once a | measurements on another trip. 
ШС Mica mple site has been chosen, the Bi daa oaae cece гапа C 
understood, you have constructed iometry data should be collected at Land Cover 


your instrum 
e : 
field guides E made the necessary copies of 
i and Data Sheets, and practiced the 


тагу Proto 
b ара are ready to establish a Land 


Sample Sites that are visited once in order to 
determine the MUC class. The amount of biometry 
data collected will vary but you can always collect 
more data to supplement the information about 
the site. It is desirable to take the full set of 
biometry measurements at one site that is 
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representative of each forest, woodland and 
graminoid (grassland) MUC class found in your 
area. Biometry data can also be collected at sites 
that you visit more frequently. Some schools 
choose one site which they visit every year at the 
same time of year to record changes in biometry 
over time. Other schools choose to visit a single 
Site twice a year in order to track seasonal changes. 
Often, their visits will correspond to the times of 
peak foliage and minimum foliage (drought or 
winter season). In summary, at a minimum, collect 
biometry measurements at each site to help you 
determine the MUC class. The maximum amount 
of data you collect is your class’ decision and 
should be based on what kind of changes you are 
monitoring in your site. All land cover data 


Figure LAND-I-5: Diagram of Accuracy Assessment Process 


collected accurately by GLOBE 

students wi 
useful. GLOBE scientists recognize that es 
and educational concerns will usuall Te 


dicta 
what land cover measurements are tak | 


еп, 
Land Cover Sample Sites are important f 
validating the accuracy of land cover type ma à 
which is a key scientific objective of i 
investigation. It is recognized, however, that it 
will take time, perhaps several successive yeats, 
to accumulate a set of Land Cover Sample Sites 
representative of each important type of land 
cover within your GLOBE Study Site. You may 
want to assign a land cover type to each of several 
student teams, so that no two teams are working 
in the same type of land cover and as many data 
are collected as possible 


Step 1: Manual or Computer-aided Land Cover Mapping 


a 


The Landsat TM image of your GLOBE 
Study Site is divided into areas of similar 
land cover type manually or using 
MultiSpec. 


Step 2: Assign MUC Classes to Areas (Clusters) 


For each area outlined by ke 
manual mapping or computer-al i 
mapping using MultiSpec, a " 
MUC class using students knowl 

of the area and data collected from 
Land Cover Sample Sites. 


HH Land Cover Sample Sites 
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Figure LAND-I-5: Diagram of Accuracy Assessment Process (continued) 


Step 3: Collect Validation Data 


88 
MUC В 
0221 MUC 
1121 
MUC 
TG 
MUC 
0221 "HH / 0222 
MUC 
E ет ; 
MUC 
0221 


Once the land cover map is made, 
collect validation data at additional 
Land Cover Sample Sites to assess 
the accuracy of the classified map. 


Over time, observe and measure as 
many validation sites as possible for 
each of the land cover types in your area. 


HB Land Cover Sample Sites 
Validation Land Cover Sample Sites 


Step 4: Assess Map Accuracy 


Validation Data 


MUC MUC MUC MUC Row 


0221 0222 1121 


811 Totals 


Student Map Classification 


Overall Accuracy = 3/4 x 1 


00 = 75% 


Compile the data on the Accuracy 
Assessment Work Sheet and 

use the Work Sheet to build a difference/ 
error matrix to compare the Student 
Map Classification data to the Validation 
Data from Land Cover Sample Sites. 


From the difference/error matrix, 
calculate accuracy assessment 
percentages to assess how accurate 
your land cover type map is. 
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The Mapping and Accuracy Assessment 
Process 

Figures LAND-I-5 show the logical steps in 
producing a land cover type map and assessing 
its accuracy. There are two options for creating a 
map. The first is to create it by hand from prints 
of your satellite image following the Manual Land 
Cover Mapping Protocol. The second is to create it 
electronically from a digital version of the satellite 
image using the MultiSpec software and following 
the Computer-aided Land Cover Mapping Protocol. 
You are encouraged to begin collecting data for 
Land Cover Sample Sites before you begin this 
mapping process. Student observations of 
individual sites are valuable even if your students 
do not complete a land cover map of their own 
because scientists and students in future years or 
neighboring schools can use your data in their 
own land cover type maps. 


The process is as follows: (1) Collect representative 
Land Cover Sample Sites of various land cover 
types. Collect as many of these as you can. Try to 
collect at least one representative Sample Site for 
each land cover type that you observe in your 
Study Site. (2) Create a land cover type map using 
the MUC System. Use either the Manual Land 
Cover Mapping Protocol and the hard copy prints 
of the Landsat Thematic Mapper imagery or the 
Computer-aided Land Cover Mapping Protocol with 
the MultiSpec image processing software and the 
digital image. Use the sites you collected to assist 
you in making the map. (3) Collect additional 
Land Cover Sample Sites. Collect as many of these 
as you can. (4) Assess the accuracy of your land 
cover type map by comparing the map you created 
to the Land Cover Sample Sites collected in your 
Study Site that students have measured and not 
used to create their map. 
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Learning Activities and Protocols 


n order to report data for t 


below to effectively impleme 
Activities are necessary to ensure 
to carry out the protocols. 


n Considerations 
Interconnections, and Interdependence of 


he main protocol, the Land Cover Sample Site Protocol, students must be 
able to carry out other protocols — the Biometry Protocol and the GPS Protocol. In addition, students 
must be able to use MUC to classify land cover, pace accurately, use a compass, and make and know 
how to use a densiometer and clinometer correctly. It is highly recommended that you use the order 
nt the Land Cover/Biology Investigation. Note that Pre-Protocol Learning 
that students are familiar with the key concepts and skills required 


1 


Getting to Know Your Satellite Imagery and 
GLOBE Study Site Learning Activity 


Investigation Prep, Strongly Recommended 


2 Pacing and Compass Protocol Prep 
(See Investigation Instruments) 
3 GPS Protocol (See GPS Investigation) Imbedded Protocol 
4 Make and practice using a Clinometer and Protocol Prep 
Densiometer, learn how to use and read a 
Tape Measure (See Investigation Instruments) 
5  Site-Seeing Learning Activity Recommended 
6  Biometry Protocol Imbedded Protocol 
7 Leaf Classification Learning Activity Pre-Protocol, Strongly Recommended 
8 Practice with the MUC System Imbedded Skill 
9 With the above skills, students should be able to carry out the Land Cover 
[Ж Sample Site Protocol. 
10 Odyssey of the Eyes Learning Activity Pre-Protocol, Strongly Recommended 
11 Manual Classification: A Tutorial for Beverly, Protocol Prep, Strongly Recommended 
MA Image OR Introduction to the MultiSpec 
Program and the Unsupervised Clustering 
Tutorial (See MultiSpec CD) 
2 


16 
17 


18 
ا 


19 


After doing at least one Land Cover Sample Site Protocol, students should 
carry out either the Manual Land Cover Mapping or Computer-aided 
|... Land Cover Mapping Protocol. 


1 
3 Collect many more Land Cover Sample Site data 


E ш 20 00 500 
LL. Bind Beak Accuracy Assessment Learning Activity  Pre-Protocol, Strongly Recommended 


15 
Carry out an Accuracy Assessment on their Land Cover Type Maps 


Change Detection Tutorial 


Protocol Prep, Strongly Recommended 


| Change Detection Protocol 


Culmination of Investigation 


Discovery Area Learning Activity 


Post-Protocol Learning Activity 


Using GLOBE Data to Analyze Land Cover 


L Learning Activity 
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Sample Site Selection and Set-Up 


Students select a 90 m x 90 m homogeneous site to carry out the Land Cover 
Sample Site Protocol and set-up the site to take the appropriate measurements. 


Investigation Instruments 

Students learn to use the MUC System, make and learn how to use the 
densiometer and clinometer. They also use a tape measure and determine their 
pace. This can be completed as one activity or in separate pieces. Students should 
also review how to use a compass. Instructions for this can be found in the GPS 
Investigation. 


Land Cover Sample Site Protocol 
Students locate, photograph, and determine the MUC class for 90 m x 90 m areas 
of homogeneous land cover. 


Biometry Protocol 


Students measure properties of vegetation and identify species in order to classify 
ү cover using the МИС System and to provide supplemental information about 
their site. 


Manual Land Cover Mapping Protocol 
Students outline and label different areas of land cover as seen on their Landsat 
TM image to create a land cover map. 


Computer-aided Land Cover Mapping Protocol* 
Students use MultiSpec to perform unsupervised clustering of their Landsat TM 
image and then assign MUC classes to every cluster to create a land cover map. 


M Cover Change Detection Protocol* 

i sing MultiSpec, students compare two images of their GLOBE Study Site; one from 
the 1990's and one from the 2000's, to determine how the land cover has changed 
in that time span. 

Fire Fuel Ecology Protocol* 

Students take additional measurements of fire fuel at Land Cover Sample Sites. 


See the full e-guide version of the Teacher's Guide available on the GLOBE Web site and CD-ROM. 
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Overview 


You will choose multiple Land Cover Sample Sites 
within your 15 km x 15 km GLOBE Study Site. 
These sample sites will serve as the locations 
where you take land cover measurements. You 
will need these measurements to create your land 
cover type map. Preferably, you should collect at 
least one Sample Site for each class of land cover 
that you observe in your Study Site. You will need 
data from additional Sample Sites to perform an 
accuracy assessment to validate the land cover 
map you created. You may also decide to establish 
additional Sample Sites whenever you are unsure 
orcurious about the land cover in any area. Some 
of these sites you may only visit once. In other 
sites, you may want to study changes in vegetative 
growth throughout the seasons so you may visit 
these sites frequently. The following provides 
instructions on how to select and setup these 
Sample Sites. 


Instructions 


ALL Land Cover Sample Sites within the GLOBE 
Study Site must have the following characteristics: 


* Homogeneous - the same MUC class 
throughout. 

* 90mx90min size. 

* Oriented in the cardinal directions 
See How to Lay-Out Land Cover Sample 
Site. 


All Land Cover Sample Sites are visited at least 
once but can be visited multiple times during 
different times of the year, or different years, 
in order to conduct studies on changes in 
biomass over time. 


For instance, instead of taking measurements only 
ONCE during peak growth, measurements can 
be taken TWICE a year, every year. Your 
semiannual visit should occur once during peak 
growing season and once during the least active 
season (summer vs. winter, rainy season vs. 
drought, etc.). If you have no temperature or 
rainfall-dependent seasonality in your region, take 
measurements only once a year. 


You should permanently mark any trees and 
shrubs that you measure, since you will return to 
measure the same ones each time. When you enter 
your data, make sure that you enter the tree or 
shrub heights and circumference in the same 
order each time. This way, you will be describing 
changes/growth in the same tree or shrub when 
you report your data. 


How to Lay-Out a Land Cover Sample 
Site 

Select a 90 m x 90 m homogeneous area. Use 
your Landsat TM images and/or your local 
knowledge to help you locate candidate sites. An 
area that is homogeneous has the same MUC class 
throughout the site. 


In order to determine if your site is at least 
90 m x 90 m in the cardinal directions, pace out 
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in Investigation Instruments) 90 m 
from one of the corners of the site. Pace in two 
directions, either orth or South AND either East 
or West. This will give you an estimate of where 
two more corners are. Estimate the location of 
the fourth corner. If the entire area is 
homogeneous, he site is appropriate. (For 
example, if а 30 m x 30 m area within a forested 
site has less than 40% canopy cover, the site is 
not homogeneous.) 


(refer to Pacing 


Name the site. The Site Name should be unique 
and identify the site unequivocally. It should not 
be frivolous. 


Note: Areas that look the same on the Landsat 
image may not be homogeneous and may not have 
the same MUC class throughout the site. You must 
make the final determination at the site. 


How to Take Biometry Measurements 


Once you have established that the site is a 
90 m x 90 m homogeneous area aligned in the 
cardinal directions (N, S, E, and W), you need to 
determine its MUC Level 1 class. Biometry 
measurements are taken in the center 30 m x 30m 
pixel of the 90 m x 90 m Land Cover Sample Site. 
Students take some of the biometry measurements 
as they pace along a diagonal(s) of the center pixel. 


The amount and types of biometry 
measurements are determined by the 
information you need in order to classify the 
site to the most detailed level of the MUC 
System. See Figure LAND-SS-1 for examples of 
what Measurements might be appropriate in 
specific types of land cover sites. Canopy cover 
and ground cover should almost always be taken 
In а natural site. These measurements will help 
Pete the Level 1 MUC class. Tree and 
wee identification, as well as tree, shrub 
rep на height, will help you determine 
do evel MUC classes. Tree and shrub 
" Pipes and graminoid biomass are helpful 
sila ү and to your students when they are 
sed rn biomass over time or making 
run Ssiiications using satellite imagery. Refer 

‘ometry Protocol for detailed instructions. 


Ifthe Site 
i -€ 
the d с Rot visible from the road/path, record 
€d compass directions and number of 


paces needed to reach the corner or center of the 
site from the road/path. You can mark the corners 
or the center of your site for future visits. While 
this is not necessary, you may choose to. If there 
is a chance you may return at a later date, you 
should mark the center of the 90 m x 90 m site 
so you can quickly find it. 


Take Biometry measurements following the 
Biometry Protocol. This will involve doing the 
following: 

* Mark the center of the 90 m x 90 m site 

where you will be taking measurements. 
See Figure LAND-SS-2. 

* Divide the students into four groups. 
Assign each group a direction to walk and 
take canopy and ground cover 
measurements along a diagonal from the 
center. Using a compass, assign each 
group one of the following directions: NE 
(45°), SE (135), SW (225°), and NW 
(315). 

Each diagonal measures 42.4 m, each 
group should walk half of a diagonal or 
21.2 m. 

* If you choose, put markers at each corner. 
Combine the data from each group in 
order to choose your final MUC class, and 
submit the data to GLOBE. 


Figure LAND-SS-2: How to Take Віотеіегу Measurements 


Homogeneous Land Cover 
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Figure LAND-SS-3: Marking the Center Pixel 


®Side One | 
(30 m) 
Әәл epis 


** | Side Four | 
(30 m) | 
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Homogeneous Land Cover 


Ifyou choose to spend additional time in the field 
or would like to practice additional pacing and 
compass skills, here is one way to mark the center 
pixel of a 90 m x 90 m Land Cover Sample Site. 
See Figure LAND-SS-3. 


* Place a marker where you want one corner 
of your center pixel to be. 

* Use your compass and measuring tape to 
move 30 meters in a cardinal direction 
(North, South, East, or West). Place a 
second marker at the end of this transect. 
This forms side one. 

* From the second marker, move 30 meters 

perpendicular to side one. Place a third 

marker at the end of this transect. This 
forms side two. 

From the third marker, move 30 meters 

perpendicular to side two and parallel to 

side one. Place a fourth marker at the end 
of this transect. This forms side three. 


* From the fourth marker, move 30 meters 
toward your original marker. If this ү 
transect ends within 2 to 3 nd id 
original marker, you are successiu E. 
are farther away from the € | 
your compass bearings for еас » s e 
check the length of each side, ап T 

r 
* Establish the center of your squa | 
л 1 transects of the squi 
pacing the diagona "he tio pi 
and placing a marker where Es 
Á rin, 

intersect. You may use st 4 mel 
these diagonals. Also note Ww 
diagonals should be of equa 
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Frequently Asked Questions 

1, What if our homogeneous site is not 

90 m x 90 m? 

If your site is not homogeneous, you will need to 
find another site that is at least 90m x 90 m where 
the land cover is the same throughout. 


2, In the 1997 GLOBE Teacher's Guide, the 
Land Cover/Biology Investigation talks about 
Qualitative and Quantitative Land Cover 
Sample Sites and Biology Study Sites, but 

not in this version. Why? How has the 

chapter changed? 

In this 2003 version of the Teachers Guide, we 
removed the terminology for the different types 
of Land Cover Sites. In the 1997 version, biometry 
data were collected and entered in the GLOBE 
database only for Quantitative Land Cover Sample 
Sites and Biology Study Sites for Closed Forest, 
Woodland, and Herbaceous Vegetation (MUC 0, 
1, and 4). Now biometry data can be collected for 
most MUC classes. It is up to teachers and students 
to decide how much biometry data should be 
collected. We would like you to collect ground 
and canopy cover data along the entire length of 
both diagonals within the 30 m x 30 m center 
area of your 90 m x 90 m site. 


3. What should we do if we have already 
established a Biology Study Site, a 
permanent Land Cover site to which we 
Teturn year after year, but it is not a 
90 m x 90 m homogeneous area? 
If the area around the Biology Study Site is 
homogeneous with your old Biology Study Site, 
in Can use it, simply expand the area so it is 
Om x90 m around your center. This will now be 
simply called a Land Cover Sample Site. You can 
Rd Visit it repeatedly and take measurements in 
cm if the area around your old Biology 
Is ot omogeneous, your data will be difficult 
mU with satellite images. There isa certain 
* Gee a in the GPS readings, so even if 
adn ite center of the site, the reading could 
з ida ace you anywhere in the 90 m x 90 m 
un ыш the center. You will need to find 
Biology ES le Site. You could still use the old 
udy Site for practice. 


4. What can I do in an urban area? 
You can perform the full investigation. 
In an urban area, most of the sites will 
be developed rather than natural classes. 
This is fine, so collect as many Land Cover Sample 
Sites as you can. These are very important to 
scientists because urban land cover types are 
difficult to identify and distinguish in Landsat TM 
imagery. 

5. What if a pond runs through our 90 m x 
90 m area? 

Ifa pond or stream runs through your 90 m x 90 m 
site, it is not homogeneous and is not a valid site. 
Try to move the site over to exclude the pond and 
make it homogeneous. 


6. What if a stream runs through our site? 

If the stream is so small (narrow) that it doesn't 
alter the MUC class of any 30 m x 30 m part of 
the site, it is ok. If not, move the site to exclude 
the stream. 


7 What if the site is on private property? 
If the site is on private property, please get 
permission before entering the area. 


8. What do I do if my Land Cover Sample 
Site has experienced catastrophic change 
since my last visit? 

If your site experiences catastrophic change (i.e. 
fire, wind damage, hurricane, tornado) between 
visits, please describe this in the metadata section 
and do the measurements on any existing 
vegetation (trees, graminoid vegetation). Scientists 
are very interested in rates of recovery or 
succession in such sites. If the 90 m x 90 m site is 
homogeneous, please do the Land Cover Sample 
Site Protocol. 

9. There is a small clearing about 10 m x 10 m 
in area in our forested site. Is the site still 


homogeneous? 
Yes, if the 30 m x 30 m area that surrounds the 
clearing has the same MUC class as the rest of the 


site. 
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Investigation Instruments 


Overview 


Before you collect field data, be certain you have 
all the necessary equipment as listed in the Field 
Guides for the protocols. Some of the instruments 
used in the Land Cover/Biology Investigation you 
can make yourself and/or require special 
instruction regarding their use. This section details 
the construction and use of these instruments, 
which include: 


A. The MUC System - This is the land cover 
classification system used by GLOBE. To perform 
a classification according to the MUC system, you 
will need to have either the MUC System Table 
(given later in this section) and the MUC Glossary 
of Terms (found in the Appendix of this chapter) 
or the MUC Field Guide (supplied by GLOBE as a 
separate book). You will also need to be familiar 
with the system and its conventions. 


B. Densiometer — an instrument used for taking 
measurements of canopy cover as part of the 
biometry measurements described in the Biometry 
Protocol. You will need to construct and become 
familiar with the use of densiometers before taking 
field measurements. 


C. Clinometer – an instrument used for 
measuring tree height as part of the biometry 
Measurements described in the Biometry Protocol. 
You will need to construct and become familiar 
with the use of clinometers before taking field 
Measurements, 

D. Pacing 
distances d 
that you 


- а technique used to easily measure 
uring the Investigation. It is important 
measure the length of your pace and 


eco ith usi 
me comfortable with using this measurement 
technique, 


xS eue - Used extensively throughout 
ver investigation. 

At the end o 

Investigation I 

Proceed to th 

Sure you kn, 

Correctly, 


f this section, you will find the 
nstrument Assessment. Before you 
€ field, use this assessment to make 
ow how to use the instruments 


A. The MUC System 


MUC as a Classification System 


The labeling or classification of land cover is one 
of the major focuses of the Land Cover/Biology 
Investigation. In order for students, teachers and 
scientists who use GLOBE data to understand 
exactly what kind of land cover is identified at a 
site, we must all have a common land cover 
“language.” The GLOBE Program uses the 
Modified UNESCO Classification (MUC) System, 
a classification system which follows international 
standards and uses ecological terminology for the 
identification of specific land cover classes. The 
Land Cover Team modified a classification system 
used by the United Nations Educational, Scientific 
and Cultural Organization (UNESCO) by adding 
developed land cover and made some other small 
changes. 


All classification systems, including the MUC 
System, have four characteristics. These are: 


1. All classification systems have labels, 
which are the titles of the classes, and 
definitions or rules, the criteria you apply 
in order to decide the appropriate class an 
object belongs in. 

. All systems are arranged in a hierarchical 
(multiple levels of classes) or branching 
structure. At any level of detail, all the 
different classes should be able to 
“collapse” into the next, less detailed, level 
of the system and be consistent with the 
definition of that class level. 

3. They are totally exhaustive, that is there is 
a class for every data point or object. 

4. Finally, every system is mutually exclusive, 
meaning there is one and only one 
appropriate class for every data point or 
object. 

By using a standard international classification 

system, all the GLOBE data may be compiled into 

a single regional or global land cover data set. This 

classification system is a tool for putting every 

possible land cover type on Earth into a unique 
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land cover class. Thus, ground data may be 
gathered and used to validate remotely sensed data 
following the same scientific protocols worldwide. 
This classification system enables GLOBE 
participants to accurately describe the land cover 
at any point on Earth using the identical criteria 
asall other GLOBE participants. In order to collect 
information about Land Cover Sample Sites, you 
must understand how to use the MUC System. 


MUC System Organization 


There are two components of the MUC System. 
Part one is the outline of the classification system, 
the MUC System Table (given later in this section), 
containing the hierarchical list of labels for every 
class. Part two is the MUC Glossary of Terms (found 
in the Appendix of this chapter), with rules and 
definitions. These two parts are combined in the 
MUC Field Guide. At a GLOBE training, you will 
receive the MUC Field Guide in your teacher’ kit. 
You and your students can choose to use the MUC 
System Table and the MUC Glossary of Terms or 
the MUC Field Guide in your classification. Some 
students choose to use both. However, no matter 
what you use, before classifying any land cover 
type, it is crucial to always check the definition of 
the particular land cover class you believe is 
appropriate. Even if you think you know what a 


Table LAND-SS-1: Level 1 MUC Land Cover Classes 


Closed Forest is, you should che 
to confirm that your site is, in fac 
and not a Woodland. 


ck the definition 
t, a Closed Fog 


MUC has a hierarchical, or decision tree structure 
with 10 Level 1 classes. These classes are yer, 
general and easily identified. You must me 
unique MUC class to identify a land cover peal 
each MUC level, beginning at Level 1. Within each 
Level 1 class there are two to six more detailed 
Level 2 classes. Level 2 classes are still quite 
general and easily distinguished. Levels 3 and4 
are more specific communities or vegetative 
associations. The hierarchical structure of the 
MUC System simplifies the classification proces, 
At each level your choices are restricted to only 
those classes which fall within the single class you 
have selected at the previous level. Thus while 
the whole MUC System has over 150 classes, at 
each step your choice is typically among only three 
to six land cover types. 


In order to conduct the Land Cover/Biology 
Investigation, it is necessary to begin by identifying 
the MUC Level 1 class for each homogeneous 
Land Cover Sample Site. Each Level 1 classis 
general and can be identified by estimating the 
percentage of the canopy and ground cover by 
the dominant land cover at the sample site. Often, 


MUC 
| Code | MUC Level 1 Classes 


Coverage Required 


ps . 


O | Closed Forest 


>40% trees, at least 5 meters tal 


1, crowns interlocking 


Woodland 


>40% trees, at least 5 meters tall, 


crowns not interlocking 


Shrubland or Thicket 


>40% shrubs or thickets, 0.5 to 5 meters tall 


w |м le 


Dwarf-Shrubland or Dwarf-Thicket 


1 
>40% shrubs or thickets, under 0.5 meters tall d) 


ES 


Herbaceous Vegetation 


>60% herbaceous plants, grasses, 


and forbs (broad-leave 


5 | Barren 


<40% vegetative cover 


6 | Wetland 
ТИЕ ` 


7 |Open Water 


amps, 
>40% vegetative cover, includes marshes, SW 


pave d surfaces) 


Land Cover B0 


——| >60% open water 

8 | Cultivated Land >60% cultivated species 

9 | Urban >40% urban land cover (buildings. 
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the percent cover can be visually estimated. 
sometimes it will be necessary to take a 
measurement of the dominant land cover to 
accurately determine the MUC Level 1 class. The 
procedure for taking this measurement is found 
in the Biometry Protocol. Table LAND-SS-1 shows 
the 10 MUC Level 1 classes. Once the MUC Level 
1 class is selected, then only those associated MUC 
Level 2. classes should be considered. The same 
process is followed for MUC Level 3 and MUC 
Level 4. 1t is critical that the definitions of each 
class be carefully checked to make sure that the 
correct class is chosen. 


Using the MUC System 


Using the MUC System Glossary of Terms and 
Table in the Teacher's Guide 


When classifying land cover using the MUC 
System, always begin with the most general classes 
(Level 1) and proceed sequentially to the more 
detailed (higher level) classes. There are 10 Level 1 
land cover classes in MUC. Eight of these choices 
are natural land cover and two are developed land 
Cover. 


The MUC System has 10 Level 1 classes, including 
Closed Forest, Woodland, and Urban. The Level 
2 classes within Closed Forest are Mainly 
Evergreen, Mainly Deciduous, and Extremely 
Xeromorphic (Dry). These Level 2 classes contain 
more detail than the Level 1 class, Closed Forest, 
and they may all be collapsed into the Closed 
Forest class. In other words, any member of one 
of these three Level 2 classes is always a member 
of the Closed Forest Level 1 class. See Table LAND- 
55-2. This is a condensed version of MUC, showing 
only the Level 1 and Level 2 classes. 


e pe System. has up to four levels of classes 

Ы zd hierarchically, Each higher level is based 

dio a ч properties of land cover. МОС 

sit Дн of up to four digits are associated 

Gina UC class, with one digit for each level 
ass. See Table LAND-SS-3. 


To Classify Land Cover Using the MUC System 
Table and the MUC Glossary of Terms 


* Observe the land cover site and read the 
definitions for the 10 Level 1 classes. Pick 
the one that best describes the site. If 
necessary, take measurements of 
vegetation height, canopy cover and 
ground cover and identify dominant and 
co-dominant vegetation in order to help 
you decide which Level 1 class is the best 
choice. See Field Guides for Biometry 
Protocol. 

* Once you have chosen the Level 1 class, 

read the definitions of the Level 2 classes 

you have to choose from. If none of the 
definitions seem to fit, go back and 
rethink your Level 1 choice. 

Choose the Level 2 class that best 

describes the land cover site. You may 

need to take biometry measurements and 
reread the definitions. 

* Once you have chosen the Level 2 class, 

read the definitions of the Level 3 classes 

you have to choose from. If none of the 
definitions seem to fit, go back and 
rethink your Level 2 choice. If there are no 

Level 3 choices, you are done. 

Choose the Level 3 class that best 

describes the land cover site. You may 

need to take biometry measurements and 
reread the definitions. 

* Once you have chosen the Level 3 class, 

read the definitions of the Level 4 classes 

you have to choose from. If none of the 
definitions seem to fit, go back and 
rethink your Level 3 choice. If there are no 

Level 4 choices, you are done. 

Record the MUC class (up to 4 digits) in 

the appropriate place on your Data Sheet. 
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Table LAND-SS-2: MUC Level 1 and 2 


p— 
Level 1 Level 2 
Natural 01 Mainly Evergreen 
Cover a. Cord Forest 02 Mainly Deciduous 


03 Extremely Xeromorphic (Dry) 


11 Mainly Evergreen 
12 Mainly Deciduous 
13 Extremely Xeromorphic (Dry) 


1 Woodland 


21 Mainly Evergreen 
22 Mainly Deciduous 
23 Extremely Xeromorphic (Subdesert) Shrubland or Thi 


2 Shrubland or Thicket 


3 Dwarf-Shrubland or 
Dwarf-Thicket 


31 Mainly Evergreen 
32 Mainly Deciduous 
33 Extremely Xeromorphic (Subdesert) Dwarf-Shrubland 

or Dwarf Thicket 
34 Tundra 


41 Tall Graminoid 

42 Medium Tall Graminoid 
43 Short Graminoid 

44 Forb Vegetation 


4 Herbaceous Vegetation 


51 Dry Salt Flats 

52 Sandy Areas 

53 Bare Rock 

54 Perennial Snowfields 
55 Glaciers 

56 Other 


5 Barren Land 


61 Riverine 
62 Palustrine 
63 Estaurine 
64 Lacustrine 


1 Open Water 7l Freshwater 
72 Marine 


Developed 


t. 8 Cultivated Land 81 Agriculture 
82 Non-agriculture 


91 Residential 

92 Commercial and Industrial 
93 Transportation 

94 Other 


6 Wetland 


9 Urban 
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How to Use the МИС Field Guide 

The MUC Field Guide is designed to lead you 
through the MUC levels from the most general 
(Level 1) to the most detailed. The most detailed 
will be Level 2, 3, or 4, depending on the 
particular land cover class. At each level, either 
you will be asked one or more questions about 
the site or given a list of options from which you 
select the best description of your site. Your 
selection or response to a question (usually either 
YES or NO) will direct you to the next question 
until you finally reach the most specific MUC level 
for your site. When you reach the most detailed 
level, you will be told ‘DONE’. 


Every class within each level has a unique 
identifier or numerical code. Your most detailed 
classification will be identified by a string of these 
numbers. In the MUC Field Guide, the definition 
from the MUC Glossary of Terms is given for each 
MUC level. The questions described above and 
these definitions are given on the left side of the 
page. Along the right side of the page, there may 
be definitions of words used in defining the MUC 
class, as well as some notes to help you decide 
how to make a selection. Drawings are 
interspersed throughout the guide to help you 
better understand the types of vegetation and the 
rules used in the MUC System. A table showing 


all the MUC classes is included at the end of this 
guide, 


Helpful Hints 


* Your students should refer to the 
definitions in the MUC Field Guide or 
MUC Glossary of Terms when determining 
MUC for an area. 

Distinguishing among some MUC classes 
requires quantitative measurements of the 
percentage of your site that is covered by 
different types of vegetation and/or the 
height of the dominant vegetation. You 
can identify the appropriate MUC class 
using the measurements found in the 
Biometry Protocol. 

To classify land cover, you may use either 
the MUC Field Guide, or the MUC Glossary 
of Terms along with the MUC System Table. 
In order to simplify the MUC System Table 
and MUC Glossary of Terms for students, 
some teachers have modified them by 
eliminating some of the highly unlikely 
choices, i.e. glaciers and salt water in a 
land-locked desert community, 
xeromorphic (extremely dry) forests in a 
very humid environment, etc. 
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Example of MUC Classification 


Below is an example for assigning a MUC class to 
a given homogeneous area. Three additional 
examples are also in the Appendix. This first 
example is for your students to follow along, while 
the rest (in the Appendix) are for them to try for 
themselves. Students should be able to confidently 
assign a MUC class by the time they complete the 
last example. 


The answer for the example below is 4213. 


The definitions of the MUC classes and 
scientific terminology are given in the MUC 
Glossary of Terms and in the MUC Field Guide. 
ALWAYS refer to these definitions rather than 
trusting your memory or general knowledge 
when determining the MUC class for an area. 


Example 1 


For your land cover site (90 m x 90 m), you 
picked a homogeneous area. This means that the 
entire area will have the same MUC class. About 
80% of the site is covered by graminoid (grass) 
and forb (broad-leaved) vegetation about 1 meter 
tall. Itis 75% graminoid and 25% forb mix. Broad- 
leaved deciduous trees cover about 15-20% of the 
site. 


үү 
0 
Г 


t 
DUM 


Level 1: Look in the MUC Sy. 
Level 1 classes. Note that class 
Vegetation, is probably the a н, 
class. Look in the MUC Glossary of Terms г | 
requires greater than 6096 total ground bs 
herbaceous vegetation over the entire Site. Class 
4 is the correct choice. : 


stem Table at all the 


Level 2: Look in the MUC System Table at the 
four choices at Level 2 (41-44). Review the 
definitions of these four classes in the MUC 
Glossary of Terms. You should determine that, 
since the dominant cover type (herbaceous) is 
more than 50% graminoid, the Level 2 land cover 
type must be Graminoid. Since the graminoidis 
between 50 cm and 2 m tall, you should select 
class 42, Medium Tall Graminoid. 


Level 3: Look in the MUC System Table at the five 
Level 3 choices (421-425). Since trees cover 15- 
20% of the site, you should select Class 421, 
“With Trees Covering 10-40%.” To be sure thisis 
the correct answer, read the definition in the MUC 
Glossary of Terms. 

Level 4: You now have four choices at Level 4 
(4210-4213). Since the trees are broad-leaved 
deciduous, you should select class 4213. You have 
completed your MUC Level 4 classification. 
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Figure LAND-SS-4: Homemade Densiometer 
| B.Densiometer 


A densiometer is an instrument used for taking measurements of canopy 


part ofthe biometry measurements described in the Biometry Protocol. Tape 


auto 


cover as 
ing includes directions to construct and use the densiometer. | 
oiii е | Thread for 
Required Materials Crosshairs 
+ 4 cm diameter by 7.5 cm long tube (toilet paper tubes, 
construction paper, PCV pipe) Tube 
* 34 cm of thread or dental floss m X 


* metal nut or washer 
* tape 
Construction Weight 
1. Gather the required materials for each densiometer. 
2. Attach (with tape) two threads at right angles across the diameter 
of one end of the tube to form a crosshair. Leave a slight end hanging at the bottom of the tape 
so you can tighten the threads if they loosen. 


џорэпродиц 


3. Attach (with tape) ап 18 cm piece of thread with a metal nut or washer hanging loosely from Pee 
it across the diameter of the other end of the tube (opposite the crosshairs). 
Directions for Use 
1. Look up through the densiometer, making sure the densiometer is vertical and the metal nut/ y 
{ washer is directly below the intersection of the crosshairs at the top of the tube. See Figure © 
LAND-SS-5 and Figure LAND-SS-6. Note: Only use the densiometer for looking UP at the Q 
canopy cover. Do not use it for looking DOWN at ground cover. © 
[7] 


2. Ifyou see vegetation, twigs, or branches touching the crosshair intersection, you would call 
this "T" meaning that there is tree canopy or “SB” meaning that there is shrub canopy. 

3. Ifyou do not see vegetation, twigs, or branches touch the crosshair intersection, you would 
call this minus “—” meaning that you saw the sky above the intersection of the crosshairs. 


Figure LAND-SS-5: Correct and Incorrect Way to Hold a Homemade Densiometer | 
Correct Way Incorrect Way hi 
To Hold A Homemade Densiometer To Hold A Homemade Densiometer 


65 


WAY Jujea] 


g 


saj 


xipueddy 


Modified from TEREZA, Association for Environmental Education, Czech Republic (1996). 
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Frequently Asked Questions 

1. What should we do if there is a multi- 
storied canopy? 

If there is a multi-story canopy, try to identify the 
highest level of the canopy without changing your 
position. If the vegetation touches the intersection 
of the crosshairs, mark a "T" or an “SB”. See LAND- 
SS-6. 


Figure LAND-SS-6: Using a Homemade Densiometer in 
Multi-Story Canopy 


2. What if the entire circle 1 see 
through the densiometer is full of i 
vegetation, but there is no 

vegetation at the crosshairs? 

This is a sampling question. The Land C 
Biology Team has chosen the intersection iiim 
crosshairs as the sample. Therefore, thi T 

be a (~). „ 


Figure LAND-SS-7: Densiometer Sampling 


o our site during 


n) conditions? i 
ing peak gf" 
an E iit 


3. What if we can't get t 
peak vegetation (full leaf-o 
If you cannot get to your site 
(leaf-on), measure your site 
period and try your best to ge 
(leaf-on) data, when you can. | 


during the 
t the peak £? 


Land core 
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) c Ginometer 


A clinometer is an instrument used for measuring angles. In GLOBE, you use it to find the angle for 
calculating tree heights. It is also used to determine obstacles at an Atmosphere Study Site. The 
calculations work by applying the principles based on the properties of right triangles. You construct 
and use the clinometer by following the directions and using the formula below. The clinometer also 
lends itself for additional hands-on teaching 


sises of trigonometric principles. ¢ 
PN Е р Figure LAND-SS-8: Homemade Clinometer 


Required Material 

Clinometer Sheet and Table of Tangents 
(located in the Appendix) 

Piece of stiff cardboard at least the size of 
the sheets above 

Drinking straw 

Metal nut or washer 

15 cm of thread or dental floss 


* Glue 
* Scissors 
* Something to punch one small hole 
* Tape Modified from Bennett, A. and Nelson, L. (1961) Mathematics an 
Activity Approach, Allyn & Bacon, Boston 
Construction 


= 


. Gather the materials for each clinometer. 


кә 


Glue a copy of the Clinometer Sheet onto a same-size piece of stiff cardboard (cut cardboard if 
necessary). 


w 


Glue a copy of the Table of Tangents to the other side of the cardboard. 


EN 


Punch a hole through the marked circle on the Clinometer Sheet. 


I 


Thread one end of a 15 cm piece of thread through the hole and tie or tape it on the Table of 
Tangents side of the cardboard. 


o 


і Те а metal nut or washer to the other end of the thread so that it hangs in front of the 
Clinometer Sheet, 


I 


. р а drinking straw along the designated line on the Clinometer Sheet, to use as a sighting 
evice, 


Note: A clinometer measures angles to determine the heights of objects without directly 


dados them. It is a simplified version of the quadrant (a medieval measuring instrument), 
the ‘i € sextant (an instrument used to locate the positions of ships). Like these instruments, 
Cinometer has an arc with graduated degree markings that go from 0 to 90 degrees. 
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xipueddy 


Directions for Use 

Stand up straight and measure the height of your eyes from the ground. Record this Me 
for future reference. 

Stand at the same elevation (level ground) as the base of the object that you are measuring. 
Sight the top of the object through the clinometers drinking straw. Have your partner read le 
number of degrees of angle BVW (see Figure LAND-SS-8) by noting where the thread touches 
the arc on the Clinometer Sheet. (Angle BVW is equal to angle BAC, which is the angle of 
elevation of the clinometer.) 

4. Measure the horizontal distance from you to the object that is being measured. 

‚ Ifyou know the angle of elevation, your eye height, and your distance away from an object, a 


in Figure LAND-SS-9, you can calculate the height of that object using a simple equation, Add 
your eye height to the number you determine using the equation below. 


= 


wn 


un 


BC = AC x Tan Z A 
Height of the Tree above your eye height (BC) = Distance to the Base of the Tree (AC) 


x Tan of the Angle of the Clinometer (Tan Z A) 


(see example next page) 


Note: If you would like to practice measuring heights before going to your site, find a tall outdoor 
object for which you know or can directly measure the height (such as a flagpole or the school building) 
After completing the above process, compare your results with the known height of the object. 
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LAND-SS-9: Determining the Height of a Tree Using a Homemade Cinometer 


| Figure 


A к 
zi 
; ч 

Ф 
E Ps 
: 2 
РЕР 1 o 
— — — 01 шш S 

Baseline 
Example: Figure LAND-SS-10: Trigometric Equation 


In the example (Figure LAND-SS-9 and LAND- 

| 55-10), a student stands 60 m away from the base 
of a tree and sites the top of the tree through his 
clinometer, His eye is 1.5 meters above the ground. 
He reads an angle of 34 degrees on his clinometer 
(figures are not drawn to scale). Use your Table of 
Tangents and the following equation to solve for 
the height of the tree: 


TAN 34 - BC/60.0 Therefore, 
BC = 60.0 m (TAN 34). Therefore, 
BC = 60.0 m (.67) = 40.2 m 


Add the height of BC to the height of the 
clinometer from the ground (your eye level) to get 
the total height of the tree. In the above example, 
the height of the tree is 40.2 m + 1.5 m = 41.7 m. 


51020014 


34 degrees 


60.0 meters [| 


A 6 
тап A=BC/AC Tan 34 = BC/60.0m BC = 60.0 m x Tan 34 


3 
3. 
dà 
» 
a 
= 


Note: Adjust your distance from the tree so that 
se x 1 ist as far away from the tree as the 
мни all, or the most accurate measurement, 
fra your distance so that the angle of the 
meter is as close to 30 degrees as possible. 


xipueddy 
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Figure LAND-SS-11: Trigonometric Equation Simplified 


? d 
P т. 
2 
^ 
/ 
#5 
^ 
4 
24 ° 
ZA=\34 
a. ——L———————— 
2 
Eye Level ® 
d = 
} 
e — 
Base = 60.0 meters 


T 


h = Tree Height Above 
Eye Level 


H = Total Tree Height 


For students who are not familiar with geometry 
yet, here is another way to simplify this example. 
See Figure LAND-SS-11. 


h = Base x Tan ZA 

h= 60.0m x Tan 34 

h = 60.0m x 0.67 = 40.2m 
H =h + Eye Level 

Н = 40.2 + 1.5т = 41.7т 


J n 
: T 
we * 
oy e & 
1. What if my students аге too 
| 
| 


Frequently Asked Questions 


young to understand the math used 

to determine tree height? 

For younger students, if the angle BVW is 
45 degrees, the distance from the tree will equal 
the height of the tree above the students eye level 
This can be illustrated for students by ft 
isosceles right triangle without any addition 
explanation of the mathematics involved. Run 4 


: is ot her 
tape measure from the students eye to hiso 
he tree. This distanct 


ree. See the Alternale 
ht on Level Ground: 
Field Guide in the 


feet and then to the base of 
will equal the height of the 
Technique to Measure Tree Heig 
Simplified Clinometer Technique 
Biometry Protocol. 


2. What if the tree is leaning? 


easure to the UP al 


If the tree is leaning, just m 


the tree as usual. 
s the bast 


3. If I cannot be on the same level F estimate 
of the tree I am measuring, w jm 
the height of the tree? Or whati heights 
level ground to measure the tree " problem 
There are three methods to handle m 
They are presented in the m ht Fil 
Alternate Techniques to Measure т i nos 
Guides. Use the one that seem 
appropriate. 


covet piolo 
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) D.Pacing 

A pace is equal to walking two steps. Knowing 
how long your pace is will be helpful throughout 
your investigation of land cover. Specifically, when 
you walk diagonals to take measurements at 
sample Sites (according to the Biometry Protocol), 
you will need to know how many paces it takes 
to travel 21.2 meters (the length of half of a 
diagonal). There are two options given below for 
determining this number. 


Directions for Determining Pace 

Lay out a 30 meter or longer measuring 

tape on a flat, open area (a parking lot, 

field, or hallway is good). 

. Remember that one pace is two steps. 
Starting with your toe at the O-meter mark, 
pace off 10 paces, using a normal stride. It is 
important to use a normal, comfortable 
stride because of the wide variety of 
conditions encountered in the field. 

. Note the marking on the tape where your 

toe is on the tenth pace. This value is the 

length of ten of your paces. 

Divide that value by 10 to find the length 

of your pace. 

Repeat Steps 2-4 three times. Calculate the 

average (by adding up the three lengths of one 

pace, from Step 4, and dividing by three) to 
determine your average pace distance. 


кә 


w 


= 


wu 


Figure LAND-SS-12: How to Side Step Around Large Obstacles 


Example: 
Repetition Distance of Distance of 
Number 10 Paces Single Pace 
1 17.0 т 1.70m 
2 17.5 т 1.75 т 
3 16.8 т 1.68 т 


Average Расе = 1.71 meters рег pace 


Note: Pacing in the woods or over hilly terrain is 

quite different than pacing a flat distance in a 

schoolyard or parking area. Remember the 

following tips: 

* When initially measuring your pace, walk 
using a comfortable stride. Resist the 
temptation to take exaggerated steps 
because your pace will naturally become 
shorter in the woods or over hilly terrain. 
When pacing up or down a hill, you are 
actually traveling a shorter horizontal 
distance than it seems, and you may also 
pace irregularly due to the terrain. Be 
aware of your paces and compensate by 
taking slightly shorter or longer steps as 
necessary. 

* When large objects (boulders, large trees, 
etc.) are in the way, take a few lateral side 
steps, pace forward, then take the same 
number of lateral side steps back to your 
original compass bearing. See Figure 
LAND-SS-12. If an observation is required 


Lateral side Steps 


Standing at the side-stepped position A, estimate 
what the canopy and ground measurements would 
be at position B. 


Another student can walk up close 
to the obstacle to assist with this. 


Direction of compass 
bearing and pacing. 
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Figure LAND-SS-13: Pacing Example 


ыы 


. Repeat this measurement three times and 
| | calculate the average to determine an 
| | average number of paces, 

21.2 meters (half the diagonal 4. Round the number of paces that you 
lof the center pixel) calculate to the nearest half pace. This is 
| | the number of paces that it 

walk a half diagonal. 

. Record the number of paces required for 
each individual to walk a half diagonal 0 
it can be referred to when collecting data 
at a Land Cover Sample Site. 


takes you to 


Ул 


8 
3 
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Frequently Asked Questions 
1. Why must I pace 21.2 meters? 
21.2 meters is the distance of half the 
diagonal of a 30 m x 30 m area. This is 
the length that you will pace in each of fou 
directions while taking biometry measurements, 


while sidestepping and pacing around an 
obstacle, then estimate the reading from 
the sidestepped position. 

If an object is too large to conveniently 
side step, stop at the object and determine 
the direction you are pacing using your 
compass. Walk around the object until 
you are pacing in the same direction. Start 
counting again when you are going in the 
correct direction. 


Determining the Number of Paces Required to 
Travel Half the Diagonal in a 30 m x 30m Pixel 


Note: If your students are able to divide using 
decimals, use the length of one of their paces to 
determine the number of paces in half a diagonal 
using the following formula: 


# paces in half diagonal - — 212 meters 
length of one pace (meters) 


If they cannot divide using decimals, use the 
procedure below. 


1. Measure a distance of 21.2 meters (length 
of half the diagonal, see Figure LAND-SS- 
13) out on a flat, open area (a parking lot, 
field, or hallway is good). 

or 2. Remember that one pace is two steps, 

Starting with your toe at the O-meter mark, 

count the number of paces required to travel 

the entire distance using a normal stride. 


n 
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| E Tape Measure 


You use a tape measure often when taking 
measurements at Land Cover Sample Sites. It is 
critical that you use the tape measure in the correct 


manner. 


Directions for Reading a Tape Measure 


Always use a metric tape measure. 


Figure LAND-SS-14: Measuring Tree Circumference 


Frequently Asked Questions 

1. Why do we use the metric 
system? 

The metric system is used for scientific 
investigations throughout the world. 


2. What if we only have a tape measure in 
English units (feet and inches)? 

If you only have a tape measure in English units, 
you must convert all your measurements into 
metric units before reporting your data. 
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Investigation Instrument Assessment 


The instruments in the previous sections are all important to carrying out the Land Cover/Biol 
Investigation accurately. Use the following assessment to gauge how well you understand the "o iology 
and skills before going into the field. Answers to selected questions appear on the bottom of eh 
If you are not able to perform these exercises or answer the questions, then review the relevant Me 
in this section before proceeding to the field. 


1. Demonstrate the correct way to hold the densiometer. 


2. Below are several diagrams showing examples of what you might see when looking through 
the densiometer. Assuming that trees are overhead, label each diagram with a “T” or minus *." 


J 


3. What are the three measurements you must take in order to calculate the height of an object? 


4. Stand at one end of the room and demonstrate how you would sight with your clinometer to 
measure the height of an object your teacher chooses. Have another student read the angle. 


5. Measure the distance between you and the object your teacher chose for Number 4, take any 
other measurements you need and calculate the height of the object. 


6. When you are measuring the height of a tree, you should look at the base of the tree and your 
feet, to be sure that they are 


7. Determine the number of paces it takes you to walk a distance of 15 meters. (Mathematically 
using your previous measurement or using the tape measure on the floor). 


8. What is the minimum height for a tree? 


9. At what height from the ground do you measure the circumference of a tree? Where is us 
(using your body as a reference? 


-+ 3) height 
1) student should hold the densiometer vertically over his or her head so the washer is straight down 2) +, r an the 
tree as sighted U^ 
йш should site Ur x 
formula in 

e leng" 


of your e i 
your eyes above the ground, distance from you to the tree and angle to the top of the 


li 
ci n 4) student should look through the straw from the correct end of the clinometer, 
of the object 5) all measurements listed in question 3 should be t ation (use the 


aken and used in the calcul dents рай 


Clinometer section) 6) at the same elevation on level ground 7 


t 
8 ) various answers based on each 5 
) 5 meters 9) 135 cm, location on body varies based on each st 


udents height 


piolo) 
а cover! 
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Protocol 


Purpose 
To determine the major land cover type at a Land 
Cover Sample Site 


Overview 

Students classify a homogeneous land cover site 
by visually examining the site. If necessary, 
students take biometry measurements following 


MUC classification. Students locate the site using 
a GPS receiver and photograph the site. 


Student Outcomes 


Students will learn how to scientifically describe 
and classify a Land Cover Sample Site. 


Science Concepts 
Physical Science 
Objects have observable properties that can 
be measured using tools. 
Position of an object can be located by 
teference to other objects. 


Life Science 

Earth has many different environments that 
support different organisms. 

All populations living together and the 
physical factors with which they interact 
constitute an ecosystem. 

Geography 

How to use maps (real and imaginary) 

The physical characteristics of place 

The characteristics and distribution of 
ecosystems 


Scientific Inquiry Abilities 


Use appropriate field instruments and 
techniques to gather Land Cover Sample 
| Site data. 
Make observations in order to determine the 
i appropriate land cover type. 
Noo the results of land cover 
Classification to reach a consensus. 


the Biometry Protocol to support their choice of 


Identify answerable questions. 

Conduct scientific investigations. 

Develop descriptions and predictions using 
evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures, descriptions, 
and predictions. 


Level 
All 


Time 
20 — 60 minutes (excluding travel time) for each 
Land Cover Sample Site 


Frequency 

Collect data once for each Land Cover Sample 
Site but data can be collected as frequently as 
you choose. 


Materials and Tools 

Compass 

GPS receiver 

Camera 

Pencil or pen 

Landsat TM images of your 15 km x 15 km 
GLOBE Study Site 

Local and topographic maps (if available) 

Aerial photos (if available) 

Local vegetation field guides 

MUC Field Guide or MUC System Table and 
MUC Glossary of Terms 

GPS Protocol Field Guide (from GPS 
Investigation) 

Land Cover Sample Site Data Sheet 

Biometry Protocol materials as needed 

50 m tape measure 

Markers for permanent sites 

Clipboard 
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Land Cover Sample Site 
Protocol — Introduction 


if that was you standing in the middle of the 
picture below, how would you describe what was 
around you? Are there trees? If so, what kind are 
they? Are there any shrubs? Is there vegetation 
on the ground? What kind it is? Is it alive or dead? 
Broad-leaved or grass-like? Are there any buildings 
or roads? Would the site look different if you were 
in a hot air balloon above it? If you went back to 
school and someone asked you what the site looks 
like, what terms would you use? If your friend 
from another country called and asked you to 
describe what you saw, what would you say to 
him or her? Would you change how you describe 
it? How would you tell someone where you were? 
Would you use the names of local roads? Your 
friends from other places might not know the 
roads. How could you tell them so they could find 
it on a map? 


You may have used words such as evergreens, 
deciduous trees, grasses, and shrubs to describe 
what the site looks like. What do all of those words 
mean? Scientists need to use terms that mean the 
same things to other scientists. For example, to 
many scientists a forest has specific qualities. If 
Scientists can agree on what a forest is, they know 
that they are talking about the same thing. 


What if you had a way to describe what an area 
looks like in one term? The GLOBE Program uses 
а system called МОС for describing homogeneous 
land cover. A homogenous site is an area that has 
only one type of land cover on it. MUC stands for 
Modified UNESCO (United Nations Educational, 


Scientific and Cultural Organization) 
Classification. With MUC, you can describe a site 
with up to a four-digit class. When you use MUC 
all of GLOBE will know what you are talking 
about. The first level of MUC is chosen as if you 
are looking down on your site from a hot air 
balloon. After that, the higher levels are also from 
above but start to get more specific. 


How do you describe where your site is? In 
GLOBE, all sites are located using a GPS (Global 
Positioning System) receiver. The GPS receiver 
tells you the latitude, longitude and elevation of 
where you are standing. This way, anyone can 
locate where you are on a map. 


With your location and description of the land 
cover, you can tell others about your site. When 
you report your data, other scientists will know 
where you were and what it looked like. Scientists 
can use your data to make maps from satellite 
imagery and measure how accurate they are. 
Scientists rely on your data because they cannot 
personally validate what is on the ground. 
Validation is the process of seeing how close you 
are to the real value. In this protocol, it is how 
well a map represents what is actually on the 
ground. 


Scientists cannot always go to a place and see what 
is on the ground. This is why your metadata are 
important to scientists. Metadata are important 
field observations and notes about the data. For 
Land Cover, this includes historical information, 
weather conditions, weather effects, and other 
observations about the site. Metadata can provide 
insight about an area that may not be clear in the 
image scientists are looking at. 
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Teacher Support 


The Measurement 


Perform the Land Cover Sample Site Protocol when 
you visit one of your Land Cover Sample Sites. 
The protocol guides you through the process of 
collecting data at a site and determining the land 
cover type. 


The Land Cover Sample Site Protocol is the 
cornerstone of the Land Cover/Biology Investigation. 
Remote sensing scientists all over the world can 
use the land cover classification data that you and 
your students collect. You will also use these data 
to help map your 15 km x 15 km GLOBE Study 
Site. Additional Land Cover Sample Site data are 
used to verify the accuracy of the maps. You can 
also use these data when looking at the change 
detection maps that you create from two satellite 
images, one from the 19905 and one from the 
20005. Remote sensing scientists may use your 
data and photographs of Land Cover Sample Sites 
to map and assess the accuracy of maps of larger 
areas. They may use the scale of a city, county, 
State, province, region, country or continent, 
depending on their focus. The Land Cover Sample 
Site Protocol is a very simple process in comparison 
to its importance, but it must be carefully followed. 
See Figure LAND-SA-1. 


Students and teachers classify a 90 m x 90 m 
homogeneous land cover site using the MUC 
System (by using the MUC Field Guide or MUC 
System Table and MUC Glossary of Terms) and 
record the latitude, longitude and elevation using 
à GPS receiver. Pictures are taken in the four 
cardinal directions for data quality purposes. 


A classification system, like the MUC System, is one 
of the ways to communicate about similarities and 
differences. A classification System is a 
comprehensive set of classes used to group similar 
objects. It has four characteristics: Labels and 
definitions that are arranged in a hierarchical 
(multiple levels of classes) or branching structure. 
It is totally exhaustive, meaning there is a class for 
every data point and mutually exclusive, meaning 
there is one and only one appropriate class for 
every data point. By using MUC, a common 
"language" of land cover types, scientists will know 


exactly what land cover is 
specific place. MUC is a classification system tha 
has an ecological basis, is useful for E 
sensed data, and follows international sue 
By using this same system all Over the world i 
is easy for scientists to compare dat for any place 
on Earth. Students may have to use the Biometry 
Protocol in order to discriminate between MUC 
classes. You and your students should be 
prepared for this. 


On the ground in ; 


Follow-Up to Report Data 
e Compile the field data and Teport it to 
GLOBE. 

* Develop or print two copies of the photos 
(one copy is for your school) and label. 
each photo with your school ID, the Land 
Cover Sample Site Name and directional 
aspect (N, S, E or W). 

Follow the directions in the How to Subnit 
Photos and Maps section of the 
Implementation Guide on how and where 
to submit these photos to GLOBE. 


Supporting Measurements 

Biometry Protocol 

GPS Protocol (from GPS Investigation) 
Student Preparation 
Concepts and technique in Leaf Classification 
Learning Activity 
Ability to use the MUC System Table and P 
Glossary of Terms and/or the MUC Field Gui 
Ability to carry out GPS Protocol 


Ability to make appropriate iw 
measurements from Biometry Protoco 


Ability to pace 
Ability to use a compass 


Ability to use a camera 


Helpful Hints 

* Before going into the field, t 
students how to use your loc 
field guides. E. 

* Select the 90 m x 90 m area kE. 
Landsat TM images and/or 0 т аме 
knowledge. Remember that it 
homogeneous land cover 


each your 
al vegetation 
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At the Center of 
the Site: 


GPS Location 
Following the 

GPS Protocol, take 
GPS coordinates 
(latitude, longitude and 
elevation). 


Photos 

Take photos in the 
four cardinal directions 
(North, South, East & 
West). 


) Figure LAND-SA-1: Land Cover Sample Site Protocol Overview 


Select & Locate a Land Cover Sample Site 
A 90 x 90 meter homogeneous land cover area. 


Determine MUC Class 
Using the MUC System, determine the 
MUC Class to the most detailed level. 


Biometry 

Following the Biometry 
Protocol, make 
appropriate biometry 
measurements (canopy 
cover, ground cover, 
identifying dominant 
and co-dominant 
vegetation species, 

tree height and 
circumference, and/or 
graminoid biomass) in 
order to choose the 
correct MUC Class. 
Pace from the center 
along the 21.2 meter half 
diagonal of the center 
pixel (NE, SE, NW, SW). 
After every pace, record 
canopy and ground 
observations on the 
appropriate Data Sheet. 
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e In order to determine if your site is at least 
90 m x 90 m have your students pace out 
90 m from one of the corners of the site. 
They should pace in two directions, either 
North or South AND either East or West. 
This will give you an estimate of where 
two additional corners are. Estimate the 
location of the fourth corner. If the entire 
area is homogeneous, the site is 
appropriate. For instructions on Pacing, go 
to Investigation Instruments. 

Get help from local experts in plant 
identification or land cover mapping (e.g., 
botanists, foresters, horticulturists, 
surveyors). 

Take enough biometry measurements 
using the Biometry Protocol to accurately 
classify a land cover site. 

Your students should refer to the 
definitions in the MUC Field Guide or MUC 
Glossary of Terms when determining MUC 
for an area. 

Distinguishing among some MUC classes 
Tequires measurements of the percentage 
of your site that is covered by different 
types of vegetation. You can identify the 
appropriate MUC class by calculating the 
percentages of the vegetation types 
observed at the land cover site. Use the 
Tree Canopy and Ground Cover Data Sheet. 


Questions for Further Investigation 
What natural changes could alt 
of these sites? B s 


Is this MUC class typical for its | 


atitude, longi 
and elevation? ngitude 


If someone only had photos of your site, what 
MUC class would he/she think this site is 


What other MUC classes are most simi 


lar to yo 
site? 4 


How will the land cover of your site affect local 
climate? 


How will the land cover at your site affect your 
local watershed? 


The Landsat TM image provided to your school 
may be several years old. If an image was acquired 
today, in what ways would it be different from 
your old one? 

Does the nearest water body affect the vegetation 
of this site? 


What types of animals do you think live here? 
How are the land cover and soil characteristics of 
this site related? 

How are the land cover and soil characteristics 
related? 


Р] 
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Field Guide 


Task 
Locate and photograph a Land Cover Sample Site and classify the land cover type according to the 
MUC System. 
What You Need 
J cps ÛJ Pencil or pen 
ÛJ Compass J Student Field Guides for Biometry Protocol 
О MUC Field Guide or MUC System Table and materials (some sites) 

and MUC Glossary of Terms О 50 m tape measure 
О Camera ÛJ Local vegetation field guides 
Ш Student Field Guide for GPS Protocol ÛJ Markers for permanent sites 

d GPS Data Sheet 
a Жа? J Clipboard 


Land Cover Sample Site Data Sheet 


In the Field 
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. Locate the approximate center of the 90 m x 90 m homogeneous site. Note: The site can be 


much larger than 90 m x 90 m as long as it is homogeneous. 


Complete the top of the your Sample Site Data Sheet (School Name, Measurement Time, 
Recorded By, Site Name). 


Identify the latitude, longitude and elevation of the center following the Field Guide for GPS 
Protocol. Record the average latitude, longitude and elevation from the GPS Data Sheet on he 
Sample Site Data Sheet. 


‚ Determine MUC class to the most detailed level using either ће MUC Field Guide or the MUC 


System Table in combination with the MUC Glossary of Terms. Take any measurements 
necessary following the Field Guides for Biometry Protocol to help determine the class. 


Note any unusual or helpful metadata. Record this in the appropriate place on your Sample 
Site Data Sheet. 


Using the camera, take a photo in each cardinal direction — north, south, east and west. Use 


your compass to determine the directions. Record each photo number in the correct arrow on 
your Data Sheet. 


Land Cover Sample Site Protocol - 7 Land Cover/Biology 


Land Cover Sample Site — 
Looking at the Data 


Are the data reasonable? 


After collecting Land Cover Sample Site data, you 
should determine whether the types and locations 
of land cover are reasonable and accurate. For 
instance, if you are located in a mid-latitude 
temperate climate, does your data include land 
cover types only found in the equatorial tropical 
zone? Does it make sense to have land cover types 
only found in extremely dry desert-like areas? Do 
you have classes for mountainous areas when you 
are located in a coastal lowland? Ask yourself 
questions like these about the land cover types in 
your area. Check the MUC classes and definitions 
to determine whether the land cover classes you 
chose make sense for your GLOBE Study Site. 


Next, think about where each of these land cover 
types are located. Using your knowledge of the area 
and other sources of information, like a print-out 
of your Landsat image, topographic maps and aerial 
photos (if available), do the locations of the land 
cover types make sense? If not, which land cover 
‚ type(s) do(es) not make sense? 


After looking at your data and seeing whether it is 
teasonable, you are now ready to compare your 
land cover types to other schools land cover types. 
Graphs can help answer questions you might have 
| thought of while you were collecting Land Cover 
Sample Site data. What is it like in other places? How 
does your data compare to other schools? Using the 
visualization pages of the GLOBE Web Site, you can 
graph your data with data from other schools that 
have Land Cover Sample Sites similar to yours. 


What do scientists look for in these 
data? 


Land Cover Sample Site data is a "snapshot in time" 
of the land cover type in a particular area. These 
data can be used by anyone creating a map where 
land cover type is needed. Maps of habitat areas, 
topography, fire fuel amounts, urbanization, forest 
types, species locations, etc. use data such as 
GLOBE Land Cover Sample Site data for reference 
to create or assess a map. Students who collect Land 
Cover Sample Site data in a single area over a long 


period of time assist scie 
change over time ina region 
to use GLOBE Land Cover 
MUC class must be as detaile 
accurate GPS coordinates, The Photographs that 
students take in the four cardinal directions ar 
important for quality assurance. 


ntists in Monitoring 
. In order for Scientists 
Sample Site data, the 
das possible and hae 


An Example of Student Inquiry 


Students from a school in Stockholm, Sweden had 
been collecting Land Cover Sample Site data fora 
few months. They did a search on the GLOBE Weh 
site to see if other schools had also been collecting 
land cover data and found that one of their MUC 
classes was reported frequently by other schools 
MUC 0192, Temperate and Subpolar Needle- 
Leaved Evergreen Closed Forest with Irregulaly 
Rounded Crowns, was found in several states in 
the US, and other countries throughout the world, 
The students were curious to discover if there were 
correlations between the schools’ latitudes, weather 
patterns and/or soil moisture readings. Each group 
in the class chose a different GLOBE measurement 
to research including latitude and elevation, 
temperature, precipitation and soil moisture, They 
hypothesized that MUC 0192 would be foundin 
areas that had similar data to theirs. 


In order to explore their hypothesis, the gu 
researched the temperature similarities first locat : 
the other schools that had submitted sites a 
the same MUC code, 0192. Using "e E 
visualizations, they graphed one years HT 1 
temperature data for all the schools. m i 
data were graphed, they carefully studie d a 
they saw. They also noted what the ME " 
temperatures were for each school and 5 sae 
determine if the school went ee G10 
seasons during the year. If a school ha б 
temperature data from more than pé 
adjusted the graph to include that m 
found that all the schools had a cold an 


a display 
They wrote up their findings and шо. mo 
of the graph to be used in à a out if ther 
class. They looked forward m opi 
groups had found trends in their dal 


sity relet 

xa js activity, 
For a more detailed description = Land C 
to the Using GLOBE Data to Anay 


Learning Activity. 
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Biometry Protocol 


Purpose 
To measure and classify the plant life present at 
aland Cover Sample Site to help determine the 


MUC classification 


Overview 

| Students walk the half-diagonals of their Land 
Cover Sample Site and take one or more 
biometry measurements. These may include 
canopy cover and ground cover, identifying 
dominant and co-dominant vegetation species, 
| and measuring tree circumference and height, 
| and/or graminoid biomass. 


Student Outcomes 


Students will learn how to use biological 
sampling techniques to quantify and describe a 
Land Cover Sample Site. 


Science Concepts 
Physical Science 
Objects have observable properties that can 
be measured using tools. 
Life Science 
Earth has many different environments that 
support many different kinds of 
organisms. 
Organisms change the environment in 
which they live. 
All populations living together and the 
physical factors with which they interact 
3 constitute an ecosystem. 
Geography 
The physical characteristics of place 
The characteristics and spatial distribution 
of ecosystems 


— 


Scientific Inquiry Abilities 

Identify biometry measurements needed 
for MUC. 

Use vegetation field guides to identify 
vegetation and species. 

Interpret data to propose MUC 
classification. 

Identify answerable questions. 

Design and conduct scientific 
investigations. 

Use appropriate mathematics to analyze 
data. 

Develop descriptions and predictions 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures, descriptions, 
and predictions. 


Level 
All 


Time 
Variable, depending on type and number of 
measurements taken 


Frequency 
As necessary to determine MUC at most sites, 
or, frequently as an enrichment study 


Materials and Tools 


50 m tape measure 

Compass 

Species ID keys and/or other local 
species guides 

MUC Field Guide or MUC System Table 
and MUC Glossary of Terms 

Permanent tree markers (optional) 

Pen or pencil 

Calculator (optional) 

Appropriate Biometry Data Sheets 

Tubular densiometer (See Investigation 
Instruments section) 
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Biometry Protocol ~ 
Introduction 


Biometry is the measuring of living things. Why 
do scientists need measurements of living things? 
What do they tell us about our environment? The 
biometry measurements include tree height and 
circumference, canopy cover, ground cover, and 
graminoid biomass. Graminoids are grass and 
grass-like plants. These all measure the size or 
amount of trees and plants. 


What do trees and plants store? What are they 
made of? Can different types of land cover have 
different size trees, shrubs or grasses? Can they 
have different amounts of trees, shrubs or grasses? 
Think about a desert. What is the most common 
tree or shrub there? Is that a sign of what kind of 
area it is? Compare that to the most common tree 
in a forest. 


Can the same types of land cover have different 
size trees, shrubs or grasses? Can there be different 
amounts of trees, shrubs or grasses? Think about 
two wetlands. Are the trees, shrubs or grasses the 
same type and size in both areas? 


Measurements of living things are important to 
Scientists. They can show the amount of nutrients 
and gases living things store. They also show the 
amount of carbon and usable water stored in trees 
and plants. 


High Accuracy and 
Low Precision 


High Accuracy and 
High Precision 


Choosing the right MUC class can be hard. How 
do you know that you have a *deciduous forest" 
and not an “evergreen forest”? How do you know 
you are in a “shrubland” and not “woodland”? 
How do you know a site is "tall graminoid" and 
not "short graminoid"? Biometry measurements 
answer these questions. 


Biometry measurements help you choose the right 
MUC class. What kinds of measurements will you 
need to decide between an evergreen and 
deciduous forest? What measurements will you 
need to decide if something is a shrub or a tree? 
What do you need to know to decide between a 
tall and short graminoid site? 


Biometry measurements make your data more 
reliable. When scientists use your Land Cover 
Sample Site data, biometry measurements assure 
them that the data are of high quality. There are 
two tests of good measurement technique. 
Biometry measurements will help assess how close 
to the bulls-eye (the right answer) your data are. 
This is called accuracy. Your data are precise when 
you repeat measurements and get the same results 
throughout a site. The goal of GLOBE students 
should be to have their measurements look like 
the bulls eye in the center (see below), highly 
accurate and precise! Biometry measurements can 
help you do that. 


Low Accuracy and 
High Precision 
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Teacher Support 


The Measurement 

The Biometry Protocol is divided into four different 
measurements: canopy and ground cover, tree, 
shrub and/or graminoid height, tree circumference 
and graminoid biomass. You may choose to take 
biometry measurements only once in a site during 
peak growth, or you can return to the same site 
year after year and repeat the biometry 
measurements to track changes in the site biomass 
over time. You may also take biometry 
measurements twice a year in a single site year 
after year, once during peak foliage or growth and 
once during a time of low growth (i.e. winter or 
drought). You should always use the following two 
guidelines to determine what measurements you 
should take: 


First, take ANY measurements necessary to 
determine the correct MUC class. Whenever a 
decision must be made between MUC classes, take 
the appropriate biometry measurement (i.e. 
canopy and ground cover or height) to make that 
decision. If the decision can be made without 
biometry measurements, it is not necessary to take 
any, but you may choose to do so to ensure 
accuracy. 


Second, scientists will be using an aerial view 
when using the MUC and biometry data and you 
should too. Therefore, measurements of the 
dominant land cover in the highest canopy are 
the most important. Canopy cover refers to the 
upper layer of vegetation detected by satellite 
sensors. For instance, in a forest where there are 
tall trees covering the entire site, shrubs scattered 
throughout the site below the trees and some tall 
grasses on the forest floor, the biometry 
measurement that would be most important 
would be canopy and ground cover and tree 
height. You may choose to measure shrub height 
or graminoid biomass but since a satellite image 
would only portray the tree canopy, these data 
would be less important. Another example would 
be in herbaceous vegetation sites. If the area was 
primarily graminoid with two trees and several 
shrubs, the most useful biometry measurement 
would be graminoid biomass. (Note: If you use 


the canopy and ground cover measurement to 
determine the MUC class, report that 
measurement also.) You can also measure the 
height of the shrubs and trees but since they are 
not the dominant land cover, the graminoids 
would dominate the satellite image in that area, 


Student Preparation 


Students should be able to define and identify a 
homogeneous land cover site. 


Students should understand and know how to 
classify a site using the MUC System. 


Students should make and know how to use the 
densiometer and clinometer. 


Students should know how to use a compass. 


Students should practice pacing techniques. They 
should know their pace and how many paces are 
in 21.2 meters. 


Helpful Hints 


* Practice these measurements in a location 
close to school to get some experience 
before using them in a Land Cover Sample 
Site. 

* You or your students may want to 
investigate a potential site with a brief visit 
to make sure that it is large enough and 
homogeneous throughout before a longer 
data collection visit. 


* When distinguishing between trees and _ 
shrubs, use the definition of a tree given In 
the MUC Field Guide and MUC Glossary of 
Terms: a tree is at least 5 meters tall. You 
may want to practice estimating this 
height with the clinometer near your 
school before entering the field. 


* There are two Canopy and Ground Cover 
Data Sheets, one to use when the dominant 
canopy cover is trees and one to use when 
the dominant canopy cover is shrubs. Your 
students need to decide which one to 05. 
In a forest or woodland, canopy cover 
refers to the tree canopy. Ina shrubland, 
canopy refers to the shrub canopy: Always 
keep in mind that these measurements are 
helpful to scientists studying land cover 
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from satellite imagery. Therefore, the 
highest canopy is what you should try to 
measure. 
1f you have difficulty determining if a site 
is a forest, woodland or shrubland, walk a 
diagonal twice. Keep in mind the "view 
from above" and look to the highest 
canopy with your densiometer for the 
correct measurement. The first time, use 
the Tree Canopy and Ground Cover Data 
Sheet recording a (+) where a tree is seen 
at the densiometer crosshairs. Determine 
the percentage of trees in the canopy (# of 
45 / total number of observations from the 
Tree Canopy and Ground Cover Data Sheet). 
If the trees are 4096 or more of the canopy, 
this is a forest or woodland and you 
should use the Tree Canopy and Ground 
Cover Data Sheet for data collection on the 
half-diagonals. If trees are less than 4096 of 
the canopy, walk the diagonal again using 
the Shrub Canopy and Ground Cover Data 
Sheet. Record a (+) where a shrub is seen 
at the densiometer crosshairs and there is 
no tree above it. Determine the percentage 
of shrubs in the canopy (# of +s / total 
number of observations from the Shrub 
Canopy and Ground Cover Data Sheet). If 
the shrubs are greater than 40% of the 
canopy, this is a shrubland and you should 
use the Shrub Canopy and Ground Cover 
Data Sheet for data collection on the half- 
diagonals. 
If both trees and shrubs are less than 40%, 
choose the Data Sheet corresponding with 
the highest percentage of canopy cover 
and only record that type of canopy: 
Example: In a site with 1596 tree canopy 
and 3596 shrub canopy, use the Shrub 
Canopy and Ground Cover Data Sheet to 
take your measurements but only report 
the shrubs as canopy cover. Report the 
Percentage of tree canopy as metadata. 
s Shrub canopy is below the observer, 
it as ground cover. Dwarf-shrubs are 
always considered ground cover. 
E. en efficient to have your students 
in pairs or trios for this protocol. 
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For more accurate readings, other pairs of 
students should repeat the measurements. 
If different teams of students repeat 
observations, report the average of these 
values if they generally agree. 

Before going into the field, teach your 
students how to use your local vegetation 
field guides. 

It is recommended that you consult local 
experts (Forest Service, County Extension 
Agent, etc.) to assist with species 
identification. 

If your site experiences seasonal variation 
and you choose to track changes in 
biomass over time, take biometry 
measurements once during peak growing 
season and once during the least active 
season. 

If it takes smaller students more than forty 
paces to complete a diagonal, they may 
take measurements at every other pace. 
For younger students, if the angle on the 
clinometer is 45 degrees, the distance from 
the tree will equal the height of the tree 
above the students eye level. See the 
Alternative Technique to Measure Tree Height 
on Level Ground: Simplified Clinometer 
Technique Field Guide. 

If you are going to revisit a forest or 
woodland site, mark and number/label the 
trees you use. Always measure the same 
trees, and report their heights and 
circumferences in the same order. 
Examples of forbs include clover, 
sunflowers, ferns, and milkweeds. 

Do not use a conventional oven to dry the 
graminoid vegetation. This is dangerous 
because the oven may have to be left on 
continuously for several days! 

In warm, dry climates, graminoid biomass 
samples can be dried in mesh bags 
outside. 

Make sure to use several small brown 
drying bags for proper drying of 
graminoid samples. 
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* If you are performing the Canopy Cover 
and Ground Cover measurements with a 
class, break the class into groups and have 
each group pace a different half-diagonal. 
Each group will need their own copy of 
the Field Guide, a Data Sheet, and a 
densiometer. Ideally, one person should 
serve as a ‘pacer’ and one should be the 
‘recorder.’ The ‘pacer’ walks the distance 
and makes the measurements. The 
‘recorder’ records the readings onto the 
Data Sheet and makes sure the ‘pacer’ is 
walking straight in the assigned direction. 
The ‘pacer’ should know how many of his/ 
her paces are in the 21.2 m length of the 
half-diagonal. Have each student write this 
number on their copy of the Field Guide. 
This is the total number of measurements/ 
paces to take in walking a half-diagonal 
from the center to the corner of the central 
30 m x 30 m area. 


Questions for Further Investigation 


What are the dominant and co-dominant species 
in your Land Cover Sample Site? Do these species 
always occur in sites that have the same MUC 
class? 


Are the dominant and co-dominant species 
common in your area? Are these species native to 
your area? Are the trees mature or juvenile? 


Is there a relationship between the amount of 
ground cover and canopy cover? 


Are the percentages of the canopy and ground 
cover consistent with your MUC class? 


Which is greater, the amount of brown or green 
ground cover? Do you think that these amounts 
will change during the year? 


If your MUC 4 site has trees as the co-dominant 
species: Is the herbaceous vegetation around the 
trees the same as that in open areas? 
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canopy Cover and Ground Cover 
Ì Field Guide 


Task 
Take ground and canopy cover measurements while pacing half-diagonals to determine the MUC 
class of your Land Cover Sample Sites. 


What You Need 

О Tubular densiometer О Compass 

L] Canopy and Ground Cover Data Sheet 2 Species ID keys and/or other local species guides 
Ц Pen or pencil (J Clipboard 


N  Thecentral 30 m x 30 m area of a Land 
Cover Sample Site with the four 21.2 m 


Conter half-diagonals (in the NE, SE, SW and 


NW directions) for sampling. 


Af 
30m 


In the Field 


1. Locate the center of your homogeneous Land Cover Sample Site. This is your starting point. 
2. Choose a direction in which to walk: NE, NW, SE, or SW. Use a compass for bearing. 


3. Look up through your densiometer. Be sure the metal nut or washer is directly below the 
crosshairs at the top of the tube. In column 1 of the Canopy and Ground Cover Data Sheet 
record: 

= if you see sky above the crosshairs 


T" if you see leaves, twigs, or branches at the crosshairs and they are attached to a tree 
(greater than 5 meters tall) 


SB" if you see leaves, twigs or branches at the crosshairs and they are attached to a shrub (a 


1 Woody plant between 50 cm and 5 meters tall) 
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. In column 2 of the Canopy and Ground Cover Data Sheet record: 


‚ Stand with your feet shoulder-width apart. Look down and observe 


*-" if you see sky above the crosshairs 
*E" if the tree or shrub you see is evergreen 


*D" if the tree or shrub you see is deciduous 


any vegetation that is touching your feet or legs below the knee. In 
column 3 of the Canopy and Ground Cover Data Sheet record: 


*-" if there is no vegetation 


“B” if there is brown vegetation (still attached to the ground) 


“С” if there is green vegetation and in column 4 identify the type of green vegetation 


‚ In column 5 of the Canopy and Ground Cover Data Sheet record the species name or common 


name of the tallest tree or shrub you have observed at this spot. 


‚ In column 6 of the Canopy and Ground Cover Data Sheet record: 


“+” if the tallest vegetation is a shrub 


“-” if the tallest vegetation is not a shrub 


. In column 7 of the Canopy and Ground Cover Data Sheet record: 


“+”if the tallest vegetation is a dwarf shrub 


un 


if the tallest vegetation is not a dwarf shrub 


. Take a pace (two steps) in the direction you are going. Repeat steps 3 to 8. Stop when you 


have gone 21.2 meters and reached the corner of your sample area. 


Repeat steps 2 to 9 for another direction until all four are measured or share your data with 
other students who have paced the other diagonals of your sample area. 


Complete the tables at the bottom of page 2 of the Canopy and Ground Cover Data Sheet using 
the total data collected from all four diagonals. Calculate the percentages indicated. 


Use these data to help determine or confirm your choice of a MUC classification and to 
determine dominant and co-dominant species for your site. Report these data to GLOBE. 
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Determining the percentage tree canopy cover: 


Total "T" Canopy Observations 


E X 100 
% Tree Cover Total Observations 


Determining the percentage evergreen canopy cover: 


Total “E” Canopy Type Observations 


% Evergreen Cover = X 100 


Total Observations 


Determining the percentage deciduous canopy cover: 


Total *D" Canopy Type Observations 


% Deciduous Cover = X 100 


Total Observations 


Determining the percentage graminoid canopy cover: 


Total “GD” Ground Vegetation Type Observations 


Total Observations 


% Graminoid Cover = X 100 


Determining the percentage shrub canopy cover is more complicated. If shrubs occur under 
trees, the canopy cover is tree not shrub. 


Total Observations where Shrubs are the tallest vegetation X 100 


Total Observations 


% Shrub Cover = 


termining the percentage dwarf shrub canopy cover is also more complicated. If dwarf 
rubs occur under trees or shrubs, the canopy cover is tree or shrub and not dwarf shrub. 


% Dwarf Shrub Cover = Total Observations where Dwarf Shrubs are the tallest vegetation — 
Total Observations 
ones 2003 Land Cover/Biology 


Graminoid, Tree and Shrub Height 


Field Guide ф 


Таѕк 
Measure the height of graminoid vegetation, shrubs and/or trees to help determine the MUC class of 
your Land Cover Sample Site. 


What You Need 
150m measuring tape О Pen or pencil 
О Flexible measuring tape ÛJ Permanent tree markers (optional) 
О Small bean bag ÛJ Clinometer 
О Graminoid, Tree, and Shrub О Species ID keys and/or other local 
Height Data Sheet species guides 
C1 Blindfold 
In the Field 


1. Measuring Graminoid Vegetation Height (Graminoids are grass-like species.) 


a. Stand in the center of your Land Cover Sample Site and blindfold your partner. Have him or 
her throw a beanbag somewhere in the site. 


b. Using the flexible measuring tape, measure the height of the herbaceous vegetation where 
the beanbag landed. Measure from the ground to the top of the graminoids. 


о 


. Record the height on the Graminoid, Tree, and Shrub Height Data 
Sheet. 


d. Repeat this process two more times and average the results. 


€. Use this average to determine your MUC class. 


N 


. Measuring Shrub Height (Shrubs are 0.5 m to 5.0 m tall.) 


a. Stand in the center of your Land Cover Sample Site and blindfold 
your partner. Have him or her throw a beanbag somewhere in the 
site. 


o 


Locate the closest shrub to the beanbag. Measure the height of the 
shrub from the ground to the tallest branch. Do this with a tape measure if possible. If the 
shrub is too tall, measure it with your clinometer using the directions for Measuring Tree 
Height in the next section. 


c. Record the height on the Graminoid, Tree, and Shrub Height Data Sheet. 
d. Repeat this process two more times and average the results. 


e. Use this average to determine your MUC class. 
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Graminoid, Tree and Shrub Height: Field Guide — Page 2 


3. Measuring Tree Height (Hint: Trees are greater than 5.0 m tall.) 


a. Determine your dominant (most common) and co-dominant (second-most common) tree 


species by counting the number of times each tree species was recorded on the Canopy and 
Ground Cover Data Sheet. Record the names of the species on your Graminoid, Tree and 
Shrub Height Data Sheet. 

. Choose: 
* the tallest tree of the dominant species 
* the shortest tree of the dominant species that still reaches the canopy 


* three trees that have heights in between the tallest and shortest of the dominant species 


. Permanently mark and number/label the trees if your teacher has instructed you to do so or 
if you will be returning to this site to take measurements over time. 


. Measure the height of the tree using the clinometer. If you are on ground with a slope, or 
using the simplified clinometer technique, then use the appropriate Alternative Technique to 
Measure Tree Height Field Guide to substitute for the steps below. Otherwise, 


* Move away from the base of the tree until you can see the top of the tree through the 
drinking straw of the clinometer. 


* For the best results, adjust your distance from the base of the tree so that the clinometer 
teads as close to 30° as possible and you are at least as far from the tree as it is tall. 


* Be sure to be on level ground so that your feet are at the same elevation as the base of the 
tree. Remember, if you are not on the same level with the tree, you need to use an 
Alternative Technique to Measure Tree Height Field Guide. 


* Have your partner read and record the number of degrees (°) of the angle. 
* Using the Table of Tangents, record the TAN of the angle on the Data Sheet. 


* Measure the distance between you and the tree. Have your partner help you using the 
50 m tape. Record this in the table on your Data Sheet. 


* Measure the height from the ground to your eye level. (You only need to do this step 
once!) Record this in the table. 


* Calculate the tree height using the following formula: 
Height of Tree = TAN (angle of clinometer) x (distance to tree) + eye height 
and record on your Data Sheet. 


* Measure the height of each tree three times and calculate the average of the three heights. 
If they are within one meter, record the average on your Data Sheet. 1f not, repeat the 
measurements until they are within one meter. 


e 
Repeat the step above for the other four trees. 

f your co-dominant species is a tree, repeat steps b-e for the co-dominant tree species. If you 
do not have five co-dominant species trees on your site, include other tree species to make a 
total of five, Note that you are using other species in the Metadata. 
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Tree Circumference 
Field Guide ) 


Task 


Make circumference measurements for your selected dominant and co-dominant trees. Use the 
same trees you measured for tree height (in the same order). 


What You Need 

[1 Flexible measuring tape Ш Pen or pencil 

О Tree Circumference Data Sheet О Species ID keys and/or other local 
Species guides 

In the Field 


1. With the flexible tape measure, measure from the ground at the base of 

the tree to a height of 1.35 m up on the tree (called Breast Height). 
2. Measure the circumference in centimeters at Breast Height. 
3. Record this on the Tree Circumference Data Sheet. 


^. Repeat this for each of the trees you measured for height. 
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Field and Lab Guide 


Task 


Measure Graminoid Biomass in Land Cover Sample Sites. Note: Graminoid refers to grass-like 


vegetation only. 


What You Need 

[J Small bean bag Ш Grass clippers or strong scissors 

0 Graminoid Biomass Data Sheet [J Small brown paper bags 

( Pen or pencil J Species ID keys and/or other local species guides 
Ц Blindfold О Balance 

In the Field 


1. Blindfold your partner and have him or her throw a beanbag somewhere in the site. 


a. Mark a one-meter square around the beanbag to take a random 
sample. 

b. Using the garden clippers, clip all the vegetation close to the ground 
within the square. Do not collect any unattached leaves or litter. 

€. Sort the clippings into green and brown portions. Any clipping with 
even a little green is considered green. 

d. Place the green and brown portions into separate brown paper bags. 
Label the bags as your teacher directs you. 

2. Repeat step 1 two more times. 


In the Classroom 


3. Calculating Graminoid Biomass: 


Check the temperature of the drying oven, it should read between 50 and 70 degrees 
Celsius. 


p 


Er 


Put the labeled bags in the drying oven. 

- Use a balance to measure the mass (g) of each bag once a day. 

: When the mass is the same two days in a row, the samples are completely dry. 

- Record the mass of each bag and its contents on the Graminoid Biomass Data Sheet. 
Shake out the contents of one bag and weigh the empty bag. Record this mass. Repeat this 
step for each bag. 

А Сади the mass of the graminoid vegetation (graminoid biomass) using the following 
ormula: 


| Graminoid Biomass = Mass of Sample and Bag — Mass of Empty Bag 


meno 


ga 
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Record the graminoid biomass of each sample on the Graminoid Biomass Data Sheet. 
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Measure Tree Height on Level Ground. 
Simplified Clinometer Technique ( 


Field Guide 


Task 


Measure heights of shrubs and/or trees to help determine the MUC class of your Land Cover Sample 
Sites. 


What You Need 
(50m measuring tape Ш Pen or pencil 
Ш Flexible measuring tape О Permanent tree markers (optional) 
ÛJ Small bean bag ÛJ Clinometer 
ÛJ Measure Tree Height on Level Ground: О Species ID keys and/or other local 
Simplified Clinometer Technique Data Sheet Species guides 
и Blindfold 
In the Field 


1. Work in a team of two or three. Move away from the base of the tree until the clinometer reads 
45 degrees when you see the top of the tree through the straw. 


2. Have your partner stretch the 50 m measuring tape from the base of the tree to your toes. Your Dx 
partner should then step on the tape at the ground and then run it up to your eye level. 


3. This is the height of the tree. Record this on the Measure Tree Height on Level Ground: Simplified 
Clinometer Technique Data Sheet. 


4. Repeat steps 1-3 two more times for each tree and report the average value. 
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Measure Tree Height on a Slope: 
Stand hy Tree Technique 


Field Guide 


Task 
Measure heights of shrubs and/or trees to help determine the MUC class of your Land Cover Sample 


Sites. 
What You Need 
[1 50 m measuring tape ÛJ Pen or pencil 
О Flexible measuring tape (J Permanent tree markers (optional) 
(J Small bean bag ÛJ Clinometer 
Û Measure Tree Height: Stand by О Species ID keys and/or other local 
Tree Technique Data Sheet species guides 
О Blindfold 
In the Field 
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Work in a team of three. One person stays by the tree. You and another partner move away 
from the base of the tree until you can see the top of the tree through the drinking straw of the 
clinometer. Note: For the best results, adjust your distance so that the clinometer is as close to 
30 degrees as possible and you are further from the tree than it is tall. 


. Site the top of the tree using the clinometer. Have your partner read and record the clinometer 


angle. 


. Using the Table of Tangents, record the TAN of the angle on the Measure Tree Height: Stand by 


Tree Technique Data Sheet. 


. Keeping the clinometer at 0 degrees, look through the straw and have your partner by the tree 


locate the position on the tree that you see. 


Measure the height from the base of the tree to the position on the tree that you see when the 
clinometer reads 0 degrees. 


. Measure the distance between you and the tree. Have your partner help you using the 50 m 


tape. Record this in the Measure Tree Height: Stand by Tree Technique Data Sheet. 
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Clinometer angle 


7. Calculate the tree height using the following formula: 


[TAN (Angle of the Clinometer) x (Distance to Tree)] + (Height to 0 Degrees on Tree) 


8. Record the tree height in the Measure Tree Height: Stand by Tree Technique Data Sheet. 


9. Repeat steps 1-8 two more times for each tree and report the average value $ 
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Measure Tree Height on a Slope: 
á tTwo-Triangle with Feet Higher than 
Tree Base Technique 


Field Guide 


Task 


Measure heights of shrubs and/or trees to help determine the MUC class of your Land Cover Sample 


Sites. 
What You Need 
Ц 50 m measuring tape ÛJ Pen or pencil 
[J Flexible measuring tape ÛJ Permanent tree markers (optional) 
ÛJ Small bean bag ÛJ Clinometer 
О Measure Tree Height on a Slope: Ч Species ID keys and/or other local 
Two-Triangle with Feet Higher than Tree species guides 
Base Technique Data Sheet 
и Blindfold 


E О Table of Cosines 


In the Field 
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. Work in a team of three. Two of you should be about the same height. You and another 


partner move away from the base of the tree until you can see the top of the tree through the 
drinking straw of the clinometer. Note: For the best results, adjust your distance so that the 
clinometer is as close to 30 degrees as possible and you are further from the tree than it is tall. 


- Site the top of the tree using the clinometer. Have your partner read and record the clinometer 


angle. This is Z 1, 

Using the Table of Tangents, record the TAN of the angle on the Measure Tree Height on a Slope: 
Two-Triangle with Feet Higher than Tree Base Technique Data Sheet. 

Turn the clinometer around and look through the straw through the opposite end. Site the 
base of the tree. Have your partner read and record this clinometer angle. This is Z 2. 


: Using the Table of Tangents, record the TAN of the angle on the Measure Tree Height on a Slope: 


Two-Triangle with Feet Higher than Tree Base Technique Data Sheet. 


. Have your partner who is about your height stand by the tree. Site your partners eyes through 


the straw of the clinometer. Your other partner reads and records this clinometer angle. This is 
2413. 


: Using the Table of Cosines, record the COS of the angle on the Measure Tree Height on a Slope: 


Two-Triangle with Feet Higher than Tree Base Technique Data Sheet. 
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Measure Tree Height on a Slope: Two-Triangle with Feet Higher than Tree Base Technique Field Guide - Page 2 


8. Measure the horizontal distance from you to the base of the tree. Have your partner help you | e 
using the 50 m tape. Record this in the Measure Tree Height on a Slope: Two-Triangle with Feet Higher 


than Tree Base Technique Data Sheet. 


© 


. Calculate the Baseline using the following formula: 
(Distance to the Tree) x COS (Angle to Partners Eyes) 
10. Calculate the tree height using the following formula: 


TAN (1* Angle of the Clinometer) x (Baseline) + TAN (2"4 Angle of the Clinometer) x (Baseline) 
11. Record the tree height in the Measure Tree Height on a Slope: Two-Triangle with Feet Higher than Tree 


Base Technique Data Sheet. 


12. Repeat steps 1-11 two more times for each tree and report the average value. 


ia 
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Measure Tree Height on a Slope: 
Two-Triangle with Feet Lower than 


Tree Base 


Field Guide 


Task 


Measure heights of shrubs and/or trees to help determine the MUC class of your Land Cover Sample 


Sites. 

What You Need 

Ц 50 m measuring tape ÛJ Pen or pencil 

Ц Flexible measuring tape ÛJ Permanent tree markers (optional) 

( Small bean bag (1 Clinometer 

Measure Tree Height on a Slope ÛJ Species ID keys and/or other local 
Two-Triangle with Feet Lower than species guides 
Tree Base Data Sheet 

О Table of Cosines т Blindfold 

In the Field 
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. Work in a team of three. Two of you should be about the same height. You and another 


partner move away from the base of the tree until you can see the top of the tree through the 
drinking straw of the clinometer. Note: For the best results, adjust your distance so that the 
clinometer is as close to 30 degrees as possible and you are further from the tree than it is 
tall. 


Site the top of the tree using the clinometer. Have your partner read and record the 


clinometer angle. This is Z 1. 


: Using the Table of Tangents, record the TAN of the angle on the Measure Tree Height on a Slope: 


Two-Triangle with Feet Lower than Tree Base Data Sheet. 
Site the base of the tree using the clinometer. Have your partner read and record this clinometer 
angle. This is Z 2. 


Using the Table of Tangents, record the TAN of the angle on the Measure Tree Height on a Slope: 


Two-Triangle with Feet Lower than Tree Base Data Sheet. 


- Have your partner who is about your height stand by the tree. Site your partners eyes 


through the straw of the clinometer. Your other partner reads and records this clinometer 
angle. This is Z 3. 

Using the Table of Cosines, record the COS of the angle on the Measure Tree Height on a Slope: 
Two-Triangle with Feet Lower than Tree Base Data Sheet. 
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Measure Tree Height on a Slope: Two-Triangle with Feet Lower than Tree Base Field Guide - Page 2 


8. Measure the horizontal distance from you to the base of the tree. Have your partner help you 


using the 50 m tape. Record this in the Measure Tree Height on a Slope: Two-Triangle with Feet Lower € 


than Tree Base Data Sheet. 
9. Calculate the Baseline using the following formula: 
(Distance to the Tree) x COS (Angle to Partners Eyes) 
10. Calculate the tree height using the following formula: 
TAN (1* Angle of the Clinometer) x (Baseline) — TAN (2™ Angle of the Clinometer) x (Baseline) 
11. Record the tree height in the Measure Tree Height on a Slope: Two-Triangle with Feet Lower than Tree 
Base Data Sheet. 


12. Repeat steps 1-11 two more times for each tree and report the average value. 
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Frequently Asked Questions 

1.We have a МОС 0; however, no particular 
s is dominant. What should we do? 

r metadata, record that you have a mix of 
species for the dominant species and what those 
species are in the metadata. If you take tree height 
and circumference measurements, use the same 
criteria for selecting the trees but report the canopy 
as “mixed.” 

2. What should we do if there is a multi- 
storied canopy? 

If there is a multi-story canopy, try to identify the 
highest level of the canopy without changing your 
position. If the vegetation touches the intersection 
of the crosshairs, mark a (+). 


specie 
In you 


3. What if the entire circle I see through the 
densiometer is full of vegetation, but there is 
no vegetation at the crosshairs? 

This is a sampling question. The Land Cover/ 
Biology Team has chosen the intersection of the 
crosshairs as the sample. Therefore, this would 
bea (-). 


4. What if we can’t get to our site during 
peak vegetation (full leaf-on) conditions? 
Ifyou cannot get to your site during peak growth 
(leaf-on), measure your site during the leaf-off 
period and try your best to get the peak growth 
(leaf-on) data, when you can. | 


5. What if my students are too young to 
understand the math used to determine tree 
height? 

Use the Simplified Technique for Measuring Tree 
Height on Level Ground. 


6. What if I want to measure the heights of 

trees on a slope? 

There are additional guides for these situations 

that provide different methods to measure the 
eights of trees on slopes. The one you choose 

depends on the topography of your site. 


i What if the tree is leaning? 

e kap is leaning, just measure to the top of 

E as usual. Measure the baseline distance 
Point directly below the highest point of the 


са 1 
й пору, which may not be where the trunk of the 
Tee meets the ground. 


8. What if the canopy cover is 

thick and I cannot clearly see the 

top of individual trees? 

A very thick canopy often occurs in areas where 
many of the trees are very close in height. You 
may have to move around your area to find a good 
sight-line to the tops of your trees. 


9. How accurate is measuring tree heights? 
Like any other measurement, accuracy and 
precision increase with practice and the use of 
care in the measurement. Three groups measuring 
the same tree should get results within +/- 1 meter 
of each other. 


10. What do I do if I do not have a single co- 
dominant tree or shrub species? 

If the co-dominant species is mixed at your site, 
measure the heights and circumferences for 5 trees 
or shrubs of different species. Note the species 
you are using in the Metadata. 


11. What do I do if there are not 5 trees or 
shrubs of the dominant species at my site? 
Should I measure any heights and 
circumferences? 

If there are less than five, measure all the trees or 
shrubs at your site and make a note in the 
Metadata. 


12. My school does not have a drying oven. 
Can we dry the grass another way? 

First, check to see if you can use a drying oven at 
a community college, university, government 
agency or some other business or organization in 
your community. In warm, dry climates, 
graminoid biomass samples can be dried in mesh 
bags outside. Do not use a conventional oven to 
dry the graminoid vegetation. This is dangerous! 


13. When 1 am measuring grass biomass, 
what do I do with mosses or lichens? 

Moss and lichens are considered *Other Green" 
and have their own designation on the Canopy 
and Ground Cover Data Sheet. Do not include 
mosses or lichens in your dried samples. Record 
in metadata if these species comprise a large part 
of your green ground cover. 
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manual Land Cover 
Mapping Protocol 


Purpose 
To produce a land cover type map of the 15 
km x 15 km GLOBE Study Site from hard 
copies of Landsat satellite images 


Overview 

Students place clear transparencies over the 
Landsat TM images and use markers to outline 
and classify areas of different land cover using 
the MUC System. Students use their local 
expertise of their GLOBE Study Site and their 
Sample Site measurements to create and assess 
the accuracy of their maps. 


Student Outcomes 

Students learn how to interpret Landsat TM 

images and learn about the different types of 

land cover in their GLOBE Study Site. Students 

gain a spatial or landscape perspective of their 

local area. 

Science Concepts 

Geography 

The characteristics and spatial distribution 

of ecosystems 

Show how humans modily the 
environment 


Scientific Inquiry Abilities 
Classify land cover and create a land cover 
type map. 
Evaluate the accuracy of land cover maps. 
Identify answerable questions. 
Design and conduct scientific 
investigations. 


я appropriate mathematics to analyze 
ata. 


Develop descriptions and predictions 
using evidence. 

Recognize and analyze alternative 
explanations, 

Communicate procedures, descriptions, 
and predictions, 


Time 
Several class periods 


Frequency 

One time, but may be an iterative process as 
you progressively investigate more areas within 
your GLOBE Study Site 


Materials and Tools 

True-color, printed Landsat TM image of 
the 15 km x 15 km GLOBE Study Site 

False-color, infrared printed Landsat TM 
image of the 15 km x 15 km GLOBE 
Study Site 

Topographic maps of your area (if 
available) 

Aerial photos of your area (if available) 

MUC Field Guide or MUC System Table and 
MUC Glossary of Terms 

Color photocopier (if available) 

Clear plastic sheets or blank 
transparencies 

Tape 

Fine-point felt-tipped or transparency 
permanent markers 

Manual Mapping: A Tutorial for the Beverly, 
MA Image 

Getting to Know Your Difference/Error 
Matrix Field Guide 


Preparation 
Make color copies of the satellite images, if 
possible. 


Make transparencies of a topographic map or 
other maps of the GLOBE Study Site Gf 
possible, they should be the same scale as the 
satellite image.) 

Review the MUC System. 


Accuracy Assessment Tutorial 
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Manual Land Cover 
Mapping Protocol ~ 
Introduction 


Look at the true color satellite image that your 
teacher has of your GLOBE Study Site. What 
different colors do you see? What do you think 
these colors mean? Compare the false color 
infrared image to the true color. Are the areas that 
are only one color in the true color image the same 
size and shape in the false color? What kind of 
land cover do you think the blue and black colors 
are? What kind of land cover do you think white 
orgrays are? What is green in the true color image? 
Find a green area on the true color image; what 
color is that area in the false color image? What 
do the different shades of green in the true-color 
image represent? How is this land cover type 
represented in the false-color image? Repeat this 
with the other colors. Try to find your school in 
the image...it should look like a white or gray set 
of squares in the center of the image. Are there 
major roads in the image? What do they look like? 
Try to make a table (like the one below) that 
matches each of the different colors and their land 
cover types. 


Work on your own or with a partner. Come up 
with a list of questions that you would like to 
answer about the satellite image of your area. From 
this list, or one that you generate as a class, pick 
one question that you will try to answer when 
you create a map from the satellite image. The 
question can have one or many parts. 


The procedure GLOBE students use mimics what 
scientists do. Scientists ask questions about their 
images then use a computer version of manual 
mapping to answer them. This process is called 
image interpretation. Image interpretation is 
translating what you see on a printed image. The 
computer version of land cover mapping in 
GLOBE is the Computer-aided Land Cover Mapping 
Protocol. Scientists also use information that they 
have gathered in the field to label areas on the 
image. In GLOBE, this part of the data collection 
is known as the Land Cover Sample Site Protocol. 
Once you have collected many Land Cover Sample 
Sites, you can perform an accuracy assessment 
on your map to see how well you classified the 
land cover in your GLOBE Study Site. There is an 
Accuracy Assessment Tutorial in the Appendix, 
which will walk you through the steps. 


The land cover maps made by GLOBE students 
can be used to help scientists' with their mapping 
efforts. Some GLOBE student maps can be used 
to help assess new satellite products (e.g., NASAS 
EOS satellites). 


True-Color Image Color 


False-Color Image Color 


| Type of Land Cover (I think) 


Example: White 


Example: White 


Example: My School - Buildings 
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Teacher Support 


The Measurement 

Land cover type mapping is a subjective process 
where you and your students will have to use your 
knowledge of your GLOBE Study Site to interpret 
its image. Although this can be a daunting prospect 
at first, you will find that once you start looking 
at an image and identifying areas you know, it does 
become easier. You will be left to identify smaller 
and smaller areas as you continue the process. Just 
as scientists collect land cover data in the field in 
order to label their maps, you and your students 
should plan to visit sites that cannot be identified 
using your own knowledge, topographic maps and 
aerial photos. In those areas, you should carry out 
the Land Cover Sample Site Protocol and report the 
data to GLOBE. When you have completed the 
map, submit it to GLOBE. 


The next step is to see how well your students 
classified the image by carrying out an accuracy 
assessment (by hand or on the GLOBE Web site) 
using additional Land Cover Sample Site data and 
the Accuracy Assessment Tutorial. From here, you 
can either work on improving the accuracy of your 
map or see how much change has occurred in your 
GLOBE Study Site by comparing your older image 
to a newer image. This comparison can be done 
using the Change Detection Protocol. 


Teacher Follow-Up: Once all the areas on the 
image are identified, transfer the MUC 
identifications onto a master (paper) copy. 


Follow directions in the How to Submit Photos and 
Maps section of the Implementation Guide to submit 
your maps to GLOBE, 


Supporting Measurements 


It may be necessary to carry out the Land Cover 
Sample Site Protocol at some sites where the MUC 
class is unknown. The Biometry Protocol 
measurements may be necessary at these sites. 


Student Preparation 


Students should spend time discussing what they 
see in the Landsat images. They should relate their 
observations to maps, aerial photos, and their own 
knowledge of the area. 


Students must be familiar with the MUC system 
and should discuss the type of land covers that 
are commonly found in their area. 


Helpful Hints: 


Discuss and identify local examples of 
land cover types, review topographic 
maps, and discuss mapping and 
classification before beginning, 

You and your students do not have to 
label the entire GLOBE Study Site at once, 
Label areas as you become familiar with 
them. This may be carried out by other 
classes in subsequent years as well. 

This method is less accurate than others 
are because it is more subjective. Students 
must be careful and specific when 
outlining areas and assigning MUC classes, 
Have students begin by identifying the 
most obvious features - usually bodies of 
water and urban areas - and then progress 
to more difficult types, such as different 
types of natural vegetative cover. 
Sometimes cloud shadows resemble lakes 
and ponds. (See the Beverly, MA image for 
practice identifying clouds.) 

Use both the true color and false-color 
images since some types of land cover will 
be easier to distinguish in the false color 
and others will be easier to distinguish in 
the true-color. 

You will need to field-check areas where 
you cannot identify the type of land cover. 
Use the Land Cover Sample Site Protocol. 
You can also enlarge different parts of the 
printed image using a color photocopier 
or have it done at a local copy center. 
Have groups of students work on a small 
part of the image. Piece the image back 
together for final analysis. Once each | 
group has mapped their section, combine 
the sections and compare results 
(especially along the edges) to identify 
problem areas. If groups of students differ 
in their labeling of a specific area, they 
must work out a method of reaching 
consensus. 
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« The Landsat image you use may be a few 
years old. Land cover may have changed 
since the image was acquired. What you 
identify on the Landsat TM image may be 
different than what you see in your 
ground assessments. In this case, students 
should work to determine what was on 
the ground at the time the satellite 
recorded the image data. 

If students cannot identify a specific area, 
have a class discussion to decide its MUC 


class. 

In addition to the color of pixels in a Landsat 
image, there are a number of keys to help you 
interpret the land cover types in your image. These 
keys include shape, size, location, association, and 
texture. What keys you use depend on the features 
in your image. Below are some examples of how 
the keys can be used. 


Shape: Agricultural areas tend to have abrupt 
linear edges and geometric shapes like rectangles 
and squares. Streams are linear features that can 
have many bends and curves. Roads frequently 
have fewer curves than streams. 


Size: Major highways and rivers can be 
distinguished from smaller roads and tributaries. 


Topographic or geographic location: If you are 
ina location with mountains and valleys, forested 
areas will tend to be on the mountainous areas 
with steeper slopes, while grassland and 
agricultural areas will be within the valleys. Since 
Landsat images are acquired in the morning, 
hillsides opposite the Sun may be in shadow. 


Association: A vegetated area within an urban 
Setting may be a park or cemetery. Wetlands may 
be located next to rivers, lakes or estuaries. 
Commercial centers will be located next to major 
toads, railroads, or waterways. 


Texture: Ina false-color image, commercial areas 
often will be consistently light blue or white. 
Residential areas, however, may have a speckled 
appearance of light blue/white and red. The light 
eee indicates buildings and pavement, and 
T ен indicates the grass and trees that may line 
treets and surround individual dwellings. 


Questions for Further Investigation 


What is the dominant land cover type in your area? 


How many different land cover types are there in 
your GLOBE Study Site? 


What land cover types look similar? Why? 


How do the land cover types in your area affect 
the air temperature near the surface of the ground? 
Where in your GLOBE Study Site would you find 
cooler air temperatures on a warm, sunny day? 


Do you expect much surface run-off from 
precipitation in the dominant land cover types in 
your area? Why? 

If you had never visited your area but had a 
Landsat image, what aspects of the local 
environment would you perceive correctly and 
what would you not be able to perceive? 


What could you do to improve your overall accuracy? 


How accurate is your map if someone wanted to 
find a good place to have a picnic in the woods? 
How accurate is your map if you wanted to see 
how many times you correctly identified a park 
or playing field? 

How could next years class use your data to create 
a better student classified map? 

Ifyou live in coastal or estuarine areas, how would 
the position of the tides (high or low) affect your 
land cover mapping? 

How would the time of year your satellite image 
was acquired affect land cover mapping in your 
part of the world? 

What other conditions at the time your image was 
acquired might influence your land cover 
mapping? 

How do land cover and soil relate across your 
GLOBE Study Site? 
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Manual Land Cover Mapping Protocol 
Field Guide 


Task 


Create a land cover type map by identifying the areas of different land cover in hard Copies of your 
true-color and false-color infrared Landsat TM satellite images. 


What You Need 


О Manual Mapping: A Tutorial О Blank transparencies or plastic sheets 
Jor the Beverly, MA Image E] jupe 


О Local topographic maps or transparencies of 
local topographic maps 


ÛJ True-color and False-color 
Infrared prints of Landsat 
TM image of the 15 km x 15 km 


GLOBE Study Site or color О Fine point felt-tipped permanent markers 
copies of the GLOBE Study Site О MUC Field Guide or MUC System Table and 
MUC Glossary of Terms 
What To Do 


m 


. Tape a blank transparency sheet over the false-color infrared satellite image. 


N 


. Mark the corners of the satellite image and label the top of the image on your blank 
transparency. If it moves, you can put it back where it belongs using these marked corners. 
This will also allow you to move the transparency to the true-color image. 


o» 


Outline areas of similar land cover using the markers. If you have enough colors, use a 

different color to represent each area that you feel is a distinctive land cover type. 

. Assign each area a MUC class from the MUC Field Guide or MUC System Table and MUC 
Glossary of Terms, using your knowledge of the area. 

. If you cannot label an area, discuss the best possible choice of land cover type with your 

classmates or ask a person in your class who lives near the area to visit it on their way to or 

from school. 


. If there are any areas left to identify, visit the site and perform the Land Cover Sample Site 
Protocol. 


ES 


Un 


о 


2 


. Label the map completely. It may help to place the transparency on a blank, white sheet of 
paper to check for unlabeled areas. 


8. See your teacher for instructions on how to submit your map to GLOBE. 
Some hints to help with false-color infrared TM images: 


* Red represents actively growing green vegetation (pink areas often represent grasslands, bright 
ted represents hardwoods and fields, dark red Tepresents evergreens). 


* Black represents water or a cloud shadow. 


* Blue-white represents urban areas, exposed rock, sand, and bare soils. 
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Frequently Asked Questions 
1, What if I cannot identify a vegetated land 
р type from the image to all four levels 

? 
m a identify the entire MUC class for 
an area, you will need to visit this area and use 
the Land Cover Sample Site Protocol and any 
necessary biometry measurements to complete 
the MUC identification. 


2, What if two groups disagree on the MUC 
value of an area in our image? 

If groups cannot agree on the MUC value of an 
area, you will need to carry out the Land Cover 
Sample Site Protocol and any biometry 
measurements necessary to settle the 
disagreement, unless you know someone who 
lives nearby who can validate the ground cover 
there. 


3. What do we do if there is an 
area in our image for which 
nobody knows the MUC value? 
Again, the only way to know for certain is to visit 
the site and collect field data. 


4. We have a water body that is not black, 
but green, or even brown. What does this 
mean? 

In both true color and false-color infrared images, 
water is normally black. An exception is the very 
clear water found in parts of the Caribbean. If your 
water appears brown, green or grey, it usually 
indicates that there is some material on the surface 
of the water. This may be plant growth, or 
suspended sediment that is being transported by 
the water. 
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Manual Mapping Protocol 
-Looking at the Data 


Are the data reasonable? 


After creating a land cover map from your Landsat 
image, you should determine whether the types 
of land cover that you identified are reasonable 
and accurate for the area that you live in. For 
instance, if you are located in a mid-latitude 
temperate climate, does your map include land 
cover types only found in the equatorial tropical 
zone? Does it make sense to have land cover types 
only found in extremely dry desert-like areas? Do 
you have classes for mountainous areas when you 
are located in a coastal lowland? Ask yourself 
questions like these about your own land cover 
type map. Check the MUC classes and definitions 
to determine whether the land cover classes in 
your map make sense for your GLOBE Study Site. 


Next, look at where each of these land cover types 
are located on your map. Using your knowledge 
of the area and other sources of information like 
a print-out of your Landsat image, topographic 
maps and aerial photos (if available), do the 
locations of the land cover types make sense? If 
not, which land cover types do not make sense? 


After looking at your map and seeing whether it 
is reasonable, you are now ready to perform a 
quantitative accuracy assessment. The Accuracy 
Assessment Tutorial (found in the Appendix) 
provides an example showing how to organize 
your data and perform the accuracy assessment. 


What do scientists look for in these 
data? 


Remote sensing scientists do not have one 
acceptable overall accuracy percentage to guide 
them when making a map from satellite imagery. 
Required accuracy levels depend on the objective 
of the map. It is Very interesting to study the error 
matrix and observe what land cover classes are 
being confused with each other. All errors are not 
equal. In most cases, it would be far worse to label 
an area as water when it is conifer forest than it 
would be to label a conifer woodland as a conifer 
forest. In addition, remote sensing scientists try 
to improve their maps using the information 


gained in the error matrix. These attempts may 
involve collecting more land cover data to assist 
in the mapping, studying the spectral response 
patterns of land cover types, and/or applying 
different classification techniques. Land cover 
mapping from satellite imagery is often an iterative 
process and accuracy assessment can take place 
many times before a final map is achieved. Once 
scientists have an assessed map, they use it to 
answer the questions they set out to answer. They 
may compare the amounts and locations of natural 
and developed areas, the percentages of land cover 
types that are important to the community such as 
agriculture, wetlands, transportation, recreation areas, 
etc. or specific locations of habitats they are studying. 


An Example of Student inquiry 

A group of 12 students living in Washington, DC, 
United States set out to create a land cover map of 
their area. They looked at the Landsat image of 
their GLOBE Study Site and decided that the map 
would get finished faster if they divided the 
Landsat image into four parts. The 12 students 
formed four groups of three students each. Each 
group was responsible for labeling all the different 
land cover types for the section of the image 
assigned to them. After completing the sections, 
the four parts would be put back together to create 
one map of the entire GLOBE Study Site. 


Their teacher used MultiSpec (GLOBE-provided 
imaging software) to divide the image into four 
parts and used a color printer to print each part 
on a separate sheet of paper. She decided to enlarge 
the image this way because she was familiar with 
the software and had access to a color printer. 
Otherwise she would have enlarged the image 
using a color copier. 
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MA- 1: GLOBE Study Site Subset of Washington, DC 
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Group A had the southwest quadrant of their 
GLOBE Study Site. After reviewing Manual 
Mapping: A Tutorial for the Beverly, MA, Image, the 
students in Group A examined the image of their 
section. Two of the students identified where they 
lived. The other student lived in a different part 
of the city. The students used a topographic map 
anda tourist map to help identify the MUC classes 
of the different land cover types. Using color felt- 
tip pens, they outlined different areas of similar 
color. They had pens of four different colors so 
they assigned a color for each MUC class group. 
For instance, red was used for some urban classes 
(MUC 91 and 92). Black was used for 
transportation (MUC 93). Blue was used for water 
(MUC 7). However, they did not have enough 
different colors for all the MUC classes, so they 
decided to use green for the different vegetated 
areas. 


While making the map, one student commented 
that the residential areas had a “patchy” look, 
meaning that those areas were not all one color. 
Blue and red pixels were intermixed on the false- 
color image. He wasn’t sure whether he should 
outline each pixel or small group of pixels 
individually or lump the blue and red mixture 
together. He noticed that this texture was fairly 
consistent and that groups of pixels with similar 
ted or blue colors were less than 3 x 3 pixel 
squares. He lived in one of the residential areas 
and thought that the blue indicated roads, 
driveways and houses and that red indicated the 


vegetation in yards and along streets. Because the 
pixel groups were small and residential areas have 
a mixture of vegetation and built things, he 
suggested grouping the mixture as one land cover 
type, MUC 91 (Residential), Another student 
commented that the image contained many roads 
of different sizes. After discussing, the group 
decided to only identify roads that were large and 
could be clearly seen and separated from other 
land cover types like MUC 91 (Residential) and 
92 (Commercial and Industrial). They labeled the 
roads fitting these criteria as MUC 93 
(Transportation). 


They were very proud of their completed map 
and were eager to then see how accurate their map 
was. After reading the Accuracy Assessment Tutorial, 
they selected 10 sites to visit and perform the Land 
Cover Sample Site Protocol. They chose a Saturday 
when all three of them were available for the data 
collection. One of their parents agreed to drive 
them around. They borrowed a GPS receiver, and 
gathered a camera, film, compass, Data Sheets and 
Field Guides. They went to the sites and collected 
data. One student entered the data on the GLOBE 
Web site. 


Following the instructions of the Accuracy 
Assessment Tutorial, they created a table comparing 
their map classifications and the validation data 
from the Sample Sites. See Figure LAND-MA-3. 


After creating the table, they made a difference/ 
error matrix (Figure LAND-MA-4). They 
calculated an overall accuracy of 80%. They felt 
pleased with what they did and were curious how 
well the other groups did and what the overall 
accuracy of the map of the entire GLOBE Study 
Site would be after all the groups combine their 
sections together. 
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Figure LAND-MA-3: Student Inquiry Completed Accuracy Assessment Work Sheet 


9 Completed Accuracy Assessment Work Sheet 
Site Name li Student Map Validation Data from 
Classification Data from Land Cover 
GLOBE Study Site — |. Sample Site v x 
1. Potomac River by 14% 
Street bridge 71 71 v 
x SEE [| 
NA | 2. Grass by airport \\ 821 |; 824 x 
3. Garys neighborhood 91 91 v 
EST EE Tz 
|_4. Courthouse Metro shops 92 | 92 v 
5. Phils neighborhood dll 91 [= 91 v 
6. Potomac Park 0222 0231 x 
8 ia 
7. Park near hospital 821 lid 821 v 
i v 
8. Arlington Cemetery ik 823 М 823 L | 
9. Roosevelt Island M 0231 ا‎ 0231 v 
10. Georgetown area 92 92 v 
———————— — d. 


MUC Class List 


0222 — Closed Forest, Mainly Deciduous, Cold-Deciduous with Evergreens, With Evergreen Needle- 
Leaved Trees 


0231 — Closed Forest, Mainly Deciduous, Cold-Deciduous without Evergreen Trees, Temperate Lowland 
and Submontane Broad-Leaved 


71 - Open Water, Freshwater 

821 - Cultivated Land, Non-Agriculture, Parks and Athletic Fields 
823 – Cultivated Land, Non-Agriculture, Cemeteries 

824 - Cultivated Land, Non-Agriculture, Other Non-Agriculture 
91 - Urban, Residential 


92 — Urban, Commercial and Industrial 


93 — Urban, Transportation 
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> @ 
Difference/Error Matrix A 
r—  IMwuc [мос [мис | мос | мос | Muc | MUC | MUC | Row 5 
71 821 91 92 0222 823 824 0231 | Totals Ф 
| 
| ju 1 
MUC 821 2 
MUC 91 2 
MUC 92 2 5 
m d 
MUC 0222 1 б 
Q 
MUC 823 1 = 
= Q 
MUC 824 0 = 
MUC 0231 | | | | 1 3 
Column 1 1 2 2 0 1 1 2 10 
Totals 
Overall Accuracy: 8 + 10 x 100 = 80% y 
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Clinometer Sheet 

Table of Tangents 

Table of Cosines 

MUC Classification Practice Examples 

Manual Mapping: A Tutorial for the Beverly, MA, Image 
Accuracy Assessment Tutorial 

Land Cover Sample Site Data Sheet 

Canopy and Ground Cover Data Sheet 
Graminoid, Tree, and Shrub Height Data Sheet 
Alternative Clinometer Techniques Data Sheets 
Tree Circumference Data Sheet 

Graminoid Biomass Data Sheet 

Accuracy Assessment Work Sheet 

MUC System Glossary 

Land Cover Glossary of Terms 
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Table LAND-AP-2: Table of Cosines 
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MUC Classification Practice Examples 


The following three examples provide students additional practice assigning MUC classes. In the first 
example, found in the MUC System section of the Investigation Instruments, students follow along step- 
by-step with the process. The three examples given below are for your students to try for themselves. 
Students should be able to accurately assign a MUC class by the time they complete the last example. 
Answers are at the bottom of each page. Student will need additional practice in the field in order to 
feel confident assigning MUC types but these examples will help students become familiar with the 
MUC Field Guide or MUC System Table and MUC Glossary of Terms. 


You perform your canopy cover and ground cover measurements, recording the number of 
times you saw vegetation through your densiometer and the number of times you saw sky. 
You calculate a canopy cover of 70% and note that the crowns of trees are not touching each 


other. From these data you know that the MUC Level 1 class is 
(MUC) 


(MUC Class Name) 


Each time you see canopy vegetation through your densiometer, you also record and tally the tree 


type. It is 80% deciduous. This means that your MUC Level 1 and 2 class is___ 
(MUC) 


(MUC Class Name) 


There are not many climbers or epiphytes in this area and there are evergreens. There is a winter 


frost in the unfavorable season. This gives you а MUC Level 1, 2, and 3 class of __ 


(MUO) - 
(MUC Class Name) 
the evergreen trees have needle leaves. The complete MUC class is — — — — called 
(MUC) 
(MUC Class Name) 
Answer: MUC 1222 
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MUC Classification Example 2 


You live in a lowland temperate region. You select a land cover site that is mostly trees with the 
crowns touching each other, but about 2096 of the ground area has houses on it. After measuring, 
the canopy is a 6096 hemisclerophyllous evergreen and 4096 deciduous mix. 


Level 1: Look in the MUC System Table and check the Level 1 choices. When you think you have the 
Level 1 class, check the MUC Glossary to be sure. Write the answer in the correct space below. 


Level 2: Look in the MUC System Table and check the Level 2 choices. There should only be a few, 
Reread the description given above and the definitions in the MUC Glossary. When you think you have 
the Level 2 class, write it below. 


Level 3: Look in the MUC System Table and check the Level 3 choices. There should be quite a few, but 

look at them carefully, some will not fit your description at all. In reality, you will only have a few options | 
again! Reread the description given above and the definitions in the MUC Glossary. When you think you 

have the Level 3 class, write it below. p 


Reread the description given above and the definitions in the MUC Glossary. When you think you have 
the Level 4 class, write it below. 


Level 4: Look in the MUC System Table and check the Level 4 choices. There should only be a few. 


MUC Class 


Levell Level2 Level3 Level4 


(MUC Class Name) 


Answer: MUC 0161 


GLOBE* 2003 Appendix - 6 Land Cover/Biology 


MUC Classification Example 3 


After you perform your canopy and ground cover measurements, you calculate that the canopy 
cover is 2096 and composed of a single species of pine tree (needle-leaved). Your ground cover is 
90% herbaceous vegetation. It is composed of 85% graminoid and 1596 forb. Most of the graminoid 
vegetation is over 3 meters tall. 


uoninponu| 


What is the MUC class for this land cover sample site? —— ___ 


(MUC Class Name) 
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Answer: MUC 4110 
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Manual Mapping 


A Tutorial for the Beverly, MA, Image 


The following tutorial is provided as an example 
of how a manual land cover map is made for the 
Beverly, MA Landsat Thematic Mapper (TM) 
image. After completing this tutorial asa training 
exercise, each step presented should also be done 
by your students, using the TM image of your 
own GLOBE Study Site (your 15 km x 15 km 
area.) Figure LAND-AP-1 shows a false-color 
infrared image of the Beverly, MA image, and will 
be used to illustrate the process of performing a 
manual land cover mapping. Note that water and 
vegetation types are more readily distinguished 
if the false-color infrared image is used. However, 
you also want to keep your “true-color” image 
handy, because it is useful for distinguishing 
developed areas. 


The following steps are used in the manual 
mapping method. 


1. Select the Landsat TM satellite image to 
be mapped. In the false-color infrared 
image, actively growing green vegetation 
will appear red (hardwoods and fields are 
bright red to pink, evergreens are dark 
red to black), water is black, while urban 
areas and bare soils are blue. 

‚ Overlay an 8.5 x 11 inch sheet of clear 
plastic on top of the colored print of the 
image, using tape to hold it firmly in 
place. Once the overlay is in place, mark 
the location of the image edges on the 
overlay so that it can be placed in exactly 
the same position if it is removed. This will 
also allow you to place the overlay on 
either the true color or false-color 
infrared image to take advantage of the 
discrimination capabilities of each type of 
image. 


N 


3. The mapping process involves carefully 
outlining the different land cover types 
seen on the image, using either colored 
crayons or felt-tip marking pens. Use 
different colors to represent different land 
cover classes if possible. Assign each the 
appropriate number for its specific MUC 
class. Be certain to identify each area with 
the most detailed MUC value for its class, 


The illustrations accompanying this tutorial 
illustrate the steps in developing a manual land 
cover map. For clarity, the individual steps are 
shown on separate illustrations, then assembled 
to show the final map. In practice, each step is 
done on the same sheet, gradually building a 
complete map. 


* Outline water bodies, as shown in Step 1. 
Here we see Marine Open Water, MUC 72, 
and Fresh Open Water, MUC 71. Note 
that for Open Water, the MUC scheme 
only contains two levels. 
In the illustration for Step 2, "Barren" 
areas, labeled MUC 52 (Sandy) and 53 
(Bare Rock) are outlined. The Urban 
Residential (91) and Commercial (92) 
areas are also discriminated. 
* In Step 3, the remaining major features are 
developed, including: 


MUCÓ3  — Estuarine 

МОС 93 — Urban Transportation 
MUC 811 — Row Crops/Pasture 
MUC 822 — Golf Courses 

MUC 823 — Cemeteries 


Also added are the vegetated areas: 
MUC 0192 — Evergreen Temperate Closed 
Forest 
MUC 0222 — Deciduous Closed Forest with 
Evergreens and Shrubs 
* Step 4 presents the final product, a labeled 
land cover type map of the Beverly area. 
Your students should decide on the final 
format of your own map. 
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Since the land cover types in your local area may 
be very different from those in Beverly, MA, you 
may certainly want to proceed with a different 
order to outlining MUC classes. Remember to take 
advantage of both the true-color and false-color 
infrared images provided to your school. 


If there are areas on your image for which your 
students are not sure of the specific MUC class, 
have students decide how they can verify what is 
in that location. This activity is likely to take 
several class periods to complete. Have your 
students be as careful and specific as possible in 
outlining and assigning classes to the various land 
cover areas in their image. 


әшозәәлл 


Once your Land Cover Map is completed, you 
will need to determine its accuracy. This is called 
"Accuracy Assessment," and is described in the 
Accuracy Assessment Tutorial. 


During the validation process, you will report your 
validation data as Land Cover Sample Sites. Once 
your map is validated, a copy, along with your 
validation data, should be submitted to GLOBE 
by following the directions given in the How to 
Submit Photos and Maps section of the 
Implementation Guide. 
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Figure LAND-AP-1: Beverly Landsat Scene 


Appendix - 11 Land Cover/Biology 


Step 1 


71 


71 


71 


72 


GLOBE® 2003 


Appendix - 12 


Land Cover/Biology 


Land Cover/Biology 
Appendix - 13 
GLOBE” 2003 


Step 3 


Appendix - 14 Land Cover/Biology | 
E: L 


GLOBE* 2003 


GLOBE" 2003 


Accuracy Assessment Tutorial 


After you make a land cover type map by using the Manual or Computer-aided Land Cover Mapping Protocol ad 


collect many Land Cover Sample Site data, you are ready to assess the accuracy of your map. 
Assessment Tutorial as a guide. There is also an example Accuracy Assessment Work Sheet so you 


Use this Accuracy 
can practice first, 


Figure LAND-AP-2 illustrates the map making and accuracy assessment process, First, students collect land cover 
sample site data and make a land cover map. Then, the student map data and the validation data (from additional 
Land Cover Sample Sites) are compared in an Accuracy Assessment Work Sheet. Finally, 
difference/error matrix. Using this matrix, accuracy assessment percentages can be calc 


Figure LAND-AP-2: Accuracy Assessment Process 


the data are compiled in а 
ulated. 


Accuracy Assessment Data Work Sheet 


Student Map Validation Data 
Site Name Classification Data from | from Land Cover | и | X 
GLOBE Study Site Map Sample Site 

1 | Town Reserve 4110 1121 
2 | Browns Woods 0222 0222 v 
3 | Sunshine Farm 811 | 811 v 
4 | Greens Woods 0222 1121 x 
5 | State Park 1121 1121 v 


A. Validation Data- Data collected 

from Land Cover Sample Sites 

Student Map Classification- 

MUC classifications from either 

Manual or Computer-aided 

Land Cover Mapping 

- MUC Class Titles- MUC classes 
identified from map classification 
and validation data 

. Major Diagonal Boxes- Number 
of times that student map 
classification agrees with the 
validation data for a particular MUC 
class 

. Row Totals- For each TOW, sum 
of all tally marks in that row 
Column Totals- For each column, 
sum of all tally marks in that column 

. Total Data Samples- Total number 
of data samples = (number of rows in 
the Accuracy Assessment Work Sheet) 


© 


Compile Your 
Difference/Error Matrix 


Validation Data ^ 


MUC 
1121 


MUC 
4110 


MUC 
811 


Row 
Totals 


Student Map Classification 
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There are several accuracy assessment percentages 
that can be calculated. They are defined below. 


Accuracy Assessment Percentages 


Overall Accuracy indicates how well the map 
identifies all land cover types on the ground. 


Producers Accuracy indicates what percentage 
of the time a particular land cover type on the 
ground was identified as that land cover type on 
the map. It expresses how well the map producer 
identified a land cover type on the map from the 
satellite imagery data. 


User's Accuracy indicates what percentage of the 
time a particular land cover type on the map is 
really that land cover type on the ground. It 
expresses how well a person using the map will 
find that land cover type on the ground. 


Helpful Hints: 


* There are two options for students 
depending on ability level. Younger 
students can enter the data from the 
Accuracy Assessment Work Sheet onto the 
GLOBE Web site and it will produce the 
Difference/Error Matrix, Overall Accuracy, 
Producers and Users Accuracy for them. 
For older students or a more math- 
oriented class, students can follow the 
Accuracy Assessment Tutorial and create the 
matrix from the Accuracy Assessment Work 
Sheet. After they have entered the data into 
the GLOBE Web site, they can compare 
their results to the ones generated by 
GLOBE. 

The accuracy assessment can be repeated 
when more validation data have been 
collected. The statistical validity of the 
accuracy assessment matrix improves as 
more samples are used. 

An accuracy assessment can be performed 
9n only a portion of the map. 

Land Cover Sample Site data, which 
Were not used in the development of the 
map, are used to create the difference/ 
error matrix. 

Some of the error in a map made from 
satellite imagery may be related to the 


fundamental limitation of the satellite 
image data as a tool in distinguishing land 
cover classes. 

Ideally, you should have validation 
samples for every type of land cover in 
your GLOBE Study Site. It may be 
desirable to only generate the matrix for 
the 3-5 most common land cover types. 
Collecting validation data is a time 
consuming process. It may take numerous 
classes to put together enough data for a 
valid matrix. 

Create and rely on your GLOBE learning 
community to gather enough data for this 
protocol. 

You can use the Sample Completed Accuracy 
Assessment Worh Sheet for extra practice. 
Doing the Bird Beak Accuracy Assessment 
Learning Activity will help you prepare for 
this tutorial. 
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Completed Accuracy Assessment Work Sheet 


Student Map Validation Data T 
Site Name | Classification Data from| from Land Cover x 
GLOBE Study Site Sample Site 
1 | Town Reserve 4110 1121 | [x 
JE pt] 
2 | Browns Woods 0222 0222 LA 
3 | Sunshine Farm 811 811 | v 
+ [Gees | ead um || 
5 | State Park 1121 1121 б] | 


The first time through this tutorial, use the Completed Accuracy Assessment 


Work Sheet above to follow the steps. 


What You Need What To Do 
* Landsat TM satellite 1. Complete the Accuracy Assessment Work 
images of the GLOBE Study Site Sheet. 
* Your student classified a. Gather the MUC validation data if it has 
land cover map not already been organized for you. 
* MUC data from Land Cover Sample Sites b. Fil in the Accuracy Assessment Worh Sheet 
using the MUC data and your student 
* Accuracy Assessment Worh Sheet classified land cover map. 
* Accuracy Assessment Tutorial 1. Find a land cover type on your map, 
* Penor pencil write the name of the area and its MUC 
* Blank code classification on the Accuracy 
anes paper Assessment Work Sheet. 
* Calculator (optional) 2. Look through the validation data (Land 
= х i : ind the 
* Ruler/straight edge (optional Cover Sample Site data) to fin 
5 керо) MUC classification you recorded when 
you visited the site. Record this MUC 
on the Accuracy Assessment Worh Sheet. 
3. Repeat this process (Steps 1 and 2) 
until you have covered every area on 
your student classified land cover map. 
с. Complete the table by putting a "w^" when 
the two MUC classes agree and a "X" 
when they do not. 
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2. Build an empty difference/error matrix. 
і а. There should be a column and row in the 
| matrix for every MUC Class that occurs on 
your Accuracy Assessment Work Sheet. 
b. Add two extra rows and two extra columns 
for the titles and totals. 
Note: The example difference/error matrix is shaded 
to help show the titles, totals, and data in agreement. 
There is no need to shade your matrix. 


3, Label Your Difference/Error Matrix with 
Titles and MUC Classes 

a. Label the top, “Validation Data." 

b. Label the left side, *Student Map 
Classification." 
Label the columns and rows of the 
difference/error matrix with your MUC 
classes from the Accuracy Assessment Work 
Sheet. Put the MUC classes in the same 
order from the upper left-hand corner going 
down (row titles) and across (column titles). 
Note: The MUC classes in your matrix may 
be different. This matrix was created using 
the example Accuracy Assessment Worh Sheet 
on the previous page. 
d. Label the last row *Column Totals." 
e. Label the last column, “Row Totals.” 


о 


Student Map Classification 


MUC | MUC | MUC | MUC 


m 


MUC 


1121 


NNNM 
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^. Tally each row of data from the completed 


Accuracy Assessment Work Sheet. 
a. Find the row in your matrix matching the 
Student Map Classification MUC Class. 


E.g., In the first row of the completed Accuracy 


Assessment Work Sheet, the Student Map 
Classification MUC class is 4110. 


Validation Data 
MUC | MUC 


1121 | 4110 


Student Map Classification 


nete 
00 


c. Put a tally mark (1) in the box where the 


tow and column overlap. 


Validation Data 


MUC | MUC | MUC 
0222 | 1121 | 4110 


P| |! / 


5. Calculate Totals 


a. Calculate Row Totals — For each Tow, 
add up all tally marks in the row and 
put that value in the Row Total box for 
that row. 


Validation Data 


Student Map Classification 


b. Find the column in your matrix matching 


the Validation Data MUC Class. 

E.g., In the first row of the completed 
Accuracy Assessment Work Sheet, the 
Validation Data MUC Class is 1121. 


Validation Data 


Student Map Classification 


Student Map Classification 


Student Map Classification 


d. Repeat these steps to tally all the rows of 
data in your Accuracy Assessment Work Sheet, 


Validation Data 


MUC | MUC | MUC 
1121 | 4110 | 811 


b. Calculate Column Totals — For each 
column, add up all tally marks in the 


column and put that value in the Column 


Total box for that column. 
Validation Data 


MUC | MUC 
4110 | 811 


= > 
m 
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c. Total Data »amp e» 
Add up the Row Totals boxes. 2+1+1+1=5 
Add up the Column Totals boxes. 1 + 3 +0 + 1 =5 
The sum of the column totals should equal the 
sum of the row totals. This should be equal to 
the total number of data samples (rows) on 
your Accuracy Assessment Work Sheet. 

Put this number in the bottom right box 
(where Row Totals and Column Totals overlap). 
If the sum of the row totals does not equal the 
sum of the column totals, recheck your math 


and tallies. 


6. Calculate the Accuracy Assessment Percentages 
a. Calculate Overall Accuracy 


Overall _ sum of major diagonal tallies x 100 


Accuracy total number of samples 


Add the tallies in all the boxes on the major diagonal 
(shaded) of your matrix except the lower right-hand 
Total box. Divide this sum by the total number of 
samples (the value in the lower right-hand total box). 
Multiply by 100 to convert it to a percentage. 


Overall (1-414041) 
Accuracy” ^ 5 ^ 109» 60% 


b. Calculate User's Accuracy 


Validation Data 
T- 


мис | MUC | MUC f 
1121 | 4110 5 


Student Map Classification 


Student Map Classification 


c. Calculate Producers Accuracy 


Users * correctly identifi 
А * correctly identified x 100 
ccuracy Row Total 


For each MUC class, divide the number of 
times you correctly identified it (value on 
major diagonal) by the Row Total for that 
MUC Class. 


E.g., Users Accuracy = 1/, X 100 = 50% 
for MUC 0222 
Validation Data 


Student Map Classification 


# correctly identified 
Column Total 


Producers _ 
Accuracy 


x 100 


For each MUC class, divide the number of 
times you correctly identified it (value on 
major diagonal) by the Column Total for 


that MUC Class. 
E.g., Producers Accuracy = /, X 100 = 100% 
for MUC 0222 

Validation Data 


811 


NS 


SS 
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и 
M eh 

55 
рр 
роосу 


‘| 


Student Map Classification 
Ко 
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го ше Practice, 
Sample Completed 
Accuracy Assessment Work Sheet 


Student Map Validation Data 
Site Name Classification Data from | from Land Cover | x 
GLOBE Study Site Sample Sites 
1 Woodward’ Valley 0222 1222 x 
2 Bunyan Trail Woodland 2 4213 | 1222 X 
3 Г State Forest Land 0222 0222 v 
4 The Woods North of School Fj 1222 | 1222 v 
3 | Brers Preserve *j 2231 2231 v 
6 Shrubland East of Gravel 1222 2231 x 
7 Nature Conservancy Land 1 2231 | 62 x 
8 Janice Denver’ Property 1 4233 |. 4213 | x 
9 Moosehead Hill iE 4233 4233 v 
10 Wetland Behind Food Store 2231 62 x 
11 | The Gravel Mine 7 56 | 56 v 
12| Calypso Lake 137 71 71 lv 
13| juniors Farm T 811 a dH v| | 
14 St. Augustine Farm 1 811 | 811 v 
15 |. > Јона Neighborhood | 91 [E 91 |" | 
МИС Class List 


0222 — Closed Forest, Mainly Deciduous, Cold-Deciduous with Evergreens, With Evergreen Needle- 
Leaved Trees 

1222 - Woodland, Mainly Deciduous, Cold-Deciduous with Evergreens, With Evergreen Needle- 
Leaved Trees 

2231 —Shrubland or Thicket, Mainly Deciduous, Cold-Deciduous, Temperate 

4213 —Herbaceous Vegetation, Medium Tall Graminoid, With Trees Covering 10-40%, Trees: Broad- 
Leaved Deciduous 

4223 —Herbaceous Vegetation, Medium Tall Graminoid, With Trees Covering <10%, Trees: Broad- 
Leaved Deciduous 

4233 —Herbaceous Vegetation, Medium Tall Graminoid, With Shrubs, Shrubs: Broad-Leaved 
Deciduous 

4313 —Herbaceous Vegetation, Short Graminoid, With Trees Covering 10-40%, Trees: Broad-Leaved 
Deciduous 

56 — Barren Land, Other 

62 — Wetland, Palustrine 

7l — Open Water, Freshwater 

811 - Cultivated Land, Agriculture, Row Crop and Pasture 

823 — Cultivated Land, Non-Agriculture, Cemeteries 

91 — Urban, Residential 
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Student Map Classification 


Difference/Error Matrix for 
"sample Completed Accuracy Assessment Work Sheet" 


Validation Data 


MUC | MUC 
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Accuracy Assessment Percentages for 
"sample Completed Accuracy Assessment Work Sheet" 


Overall Accuracy 
9 + 15x 100 = 60% 


User's Accuracies 


Producer's Accuracies 


Camion | „usere, YEE] cacumen | Producere 

0222 1+2x100 0222 1+1x100 100% 
1222 1+2x100 50% Mesum 143x100 3396 
| 2231 1+3x 100 | 33% 2231 1+2x 100 | 50% 

| 4213 0+1 x 100 1 0% F 4213| О+1х100 0% 4) 
| 1+2x 100 | 50% | 4233 1+1x100 | 100% 
| 56 1+1х100 | 100% | | 56 1+ 1 x 100 100% 
62 0 NA | 62 0+2 x 100 096 
1+1 x 100 71 1+ 1 x 100 | 10096 

- T 
2+2x 100 811 2+2x 100 100% 
1+1 x 100 100% 91 1+ 1 x 100 | 100% 
ا‎ 
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Questions for Further Investigation 
3 What could you do to improve your 
overall accuracy? 
How accurate is your map if someone 
wanted to find a good place to have a 
picnic in the woods? 
How accurate is your map if you wanted 
to see how many times you correctly 
identified a park or playing field? 
Which were better — your producers or 
users accuracies? Why do you think that 


is? 
How could next year’s class use your data 
to create a better Student Classified Map? 


3 
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Land Cover Investigation 
Sample Site Data Sheet 


School Name: 


Measurement Time: 


Year Month Day 
Recorded By: 


Hour (UT) 


LOCATION 


Site Name: 


City/State/Country: 


Locational Data: Source: [ ] GPS O Other 


For GPS data, record from GPS Investigation Data Sheet or Offset Data Sheet 


Latitude Longitude | 


Elevation 


decimal degrees decimal degrees 


L] North O South [Г] East О west 


meters 


MUC TO THE MOST DETAILED LEVEL 
MUCClas: a 


MUC Land Cover Type Name: 


METADATA (Comments) 


PHOTO NUMBER AND ORIENTATION 


EL] 
id 
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Land Cover Investigation 
=) Canopy and Ground Cover Data Sheet* 


Site: 


School Name: 


Measurement. Time: Н 
еаг М 
onth Day Hour UD 


Recorded By: 


E 2 3. 4: 5 
1 3 6. 
Canopy Canopy Type | Ground Ground Vegetation C 5 d T. 
Observations | Е = Evergreen Observations Type Eee Name * Siuh eare Dwarf Shrub 
G = Green Cover | GD = Graminoid E + = Tallest Cover 
vegetation is | + = Tallest 


T = Tree Canopy d 
B = Brown Cover | OG = Other Green Veg b : 
vegetation is 


5B = Shrub 
Canopy — = No Cover SB = Shrub 
--Ay DS = Dwarf-Shrub = = All other a dwarf shrub 
== All other 
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Tree Canopy and Ground Cover Data Sheet — Page 2 


1. 2: 3. 4. 5. | 6. 

Canopy Canopy Type | Ground Ground Vegetation Canopy Species or Shrub Cover 
Observations | Е = Evergreen | Observations Type Common Name + = Tallest 

Т = Tree Canopy | D = Deciduous | С = Green Cover ЕВ = Forb vegetation is 
SB = Shrub B = Brown Cover | 0G = Other Green Veg. a shrub 


Canopy —- No Cover SB = Shrub 


== АП other 


Summary of 
Ground Observations 


Tree Canopy Observations Canopy Type Ground Vegetation Typ. 
Total “Р” Total “B” Total 


“ЕВ” 
“ОС” 


Total “—” 


Total Observations Total Observations Total Observations sj "Sp" 
% Tree Canopy % Evergreen (E) [Ground ^ | | Total *DS" 
% Deciduous (D) Toral Observations | | 


% Graminoid (GD) 


Summary of 
Shrub Cover 


Total “+” in col. 6 8 
Total Observations 
% of Shrub Cover РЕЗ 


Summary of 
Dwarf Shrub Cover 


Total “+” in col. 7 


Total Observations 


% of Dwarf Shrub 
Cover 


% Other Green (Об) 
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land Cover Investigation 


Graminoid, Tree and Shrub Height Data Sheet 


School Name: Site: 
ent Time: 
Measuremi Year Month Day Hour (UT) 
Recorded By: 
Clinometer Data 
ET 
*Dominant Species | Clinometer TAN of Distance | Eye Height |*Vegetation | *Average 
L——— ——————— | Reading () | Clinometer | from Tree (m) (m) Height (m) | Height (m) 
-—— د‎ Reading |. 
Specimen 1. Р 
І — пе 
Specimen 2. 


Specimen 3. = =a. 


Specimen 4. 


Specimen 5. | 


*Co-Dominant Clinometer TAN of Distance Eye Height | *Vegetation | *Average 
Species Reading () | Clinometer | from Tree (m) (m) | Height (m) | Height (m) 
Reading 
Specimen 1. 
n т 
5ресїтеп 2. 
Ihe 
Specimen 3, zi 
Specimen 4. ] 
Specimen 5. + 


Г | l 


i Tree Height = (TAN of Clinometer Reading x Distance from Tree) + Eye Height 
ne each tree three times and average the three height values. If all three values are within 1 meter of the average, report the values. If not, 
ne measurements until they are within 1 meter of their average, and then report these values. 


* Use tt 
cone for measuring the height of graminoids, shrubs, and dwarf-shrubs. Use all the columns if you use your clinometer to 
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Land Cover Investigation 


Measure Tree Height on Level Ground: Simplified Clinometer 


Technique Data Sheet 
School Name: Site: 
Measurement Time: Xe Month Day Hor On 
Recorded By: 
Cinometer Data 
Dominant Species Clinometer Tree Height (m) Average 
Reading (^) (Distance from Base of Tree Height (m) 
Tree (m)and Up to Eyes) 
= 
Specimen 1. 
A 
Specimen 2. | 
45° 
13 
Specimen 3. 
AD: 
В! 
Specimen 4. 
45° 
Specimen 5. al 
45" | 
| CoDominant Clinometer Tree Height (m) Average 
Species Reading (^) (Distance from Base of Tree Height (m) 
== Tree (m)and Up to Eyes) 
Specimen 1. sik 
457 
L 
Specimen 2, 
45. 
Specimen 3, zi 
45° re إا‎ 
Specimen 4. 
45* 
LS -—n 
Specimen 5. Je 
45° 


Note: Measure each tree three times and avei 
repeat the measurements until they are withi 


raj 


If not, 
ге the three height values. If all three values are within 1 meter of the average, report the values. 
in 1 meter of their average, and then report these values. 
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ен” 


Land Cover Investigation 


Measure Tree Height on a Slope: Stand by Tree Data Sheet 


School Name: Site: 
t Time: 
Measuremen Year Month Day Hour (UT) 
Recorded By: 
Clinometer Data 
Dominant Species | Clinometer TAN of Height to 0* | Distance to Tree Average 
Reading C) | Clinometer | on Tree (m) | Tree (m) | Height (m) Tree 
Reading Height (m) 
Specimen 1. 


Specimen 2. Д| 


Specimen 3. 


Specimen 4. - 


Specimen 5. 
L Ei Fj 
| Co-Dominant Clinometer TAN of Height to 0* | Distance to Tree Average 
Species —  — | Reading (°) | Clinometer | оп Tree (т) | Tree(m) | Height (m) Tree 
u Reading Height (m) 
Specimen 1. 
Specimen 2. | 
Specimen 3. i | 
5ресїтпет +. H je 
— 
Specimen 5. |a B 


Tree Height = [(TAN of Clinometer Reading) x (Distance to Tree)] + (Height to 0° on Tree) 


е do Я iot, 
a Measure each tree three times and average the three height values. If all three values are within 1 meter of the average, report the values. If nx 
Peat the measurements until they are within 1 meter of their average, and then report these values. 
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GLOBE? 2003 


Tree Circumference Data Sheet 


School Name: Site: 


Measurement Time: 


Year Month Day 
Recorded By: 


Tree Circumference Measurements 


Dominant Species: Tree circumference (cm) 


кык [Rodi og ү 


Co-Dominant Species: Tree circumference (cm) 


1 
2 
3. 
4 
5 


Land Cover Investigation 
Hour (UT) 
1 


r$] 
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V 


and Cover Investigation 


Graminoid Biomass Data Sheet 


School Name: 


Measurement Time: 


Year Month Day Hour (UT) 
Recorded By: 
Graminoid Biomass Measurements 
Sample Number Color Mass of Sample | Mass of Empty Graminoid 
and Bag (g) Bag (g) Biomass (g) 
Green 
1А Brown 
Green 
2. Brown 
Green 
3. Brown 
Graminoid Biomass = Mass of Sample and Bag — Mass of Empty Bag 
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Work Sheet 
к Student Map Classification | Validation Data from 
Site Name from GLOBE Study Site | Land Cover Sample Sites| V | X 
ams] 
1 
2 
m 
3 
faz axe] 
4 
pn =] 
5 
6 
[cr _| | 
y 
I к | 
8 
9 
1 E 
10 
11 
SU 
12 
13 
атах 
14 
15 
== 
16 
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Glossary 


Accuracy 
How close a measurement is to a standard 
value of that measurement 
Assessment 
Evaluation of the value of an object 
Biogeochemical 
Refers to the chemical interactions 
between the living ("bio") and physical 
("geo") components of the Farth system, 
as in biogeochemical cycles of carbon, 
nitrogen, etc. 
Biomass 
The dry weight of vegetation above a unit 
area of ground, often reported as grams 
(dry weight) per square meter 
Biome 
A major ecological community type (as 
grassland or desert) 
Biometry 
The process of making biological 
measurements 
Biosphere 
The living component of the Earth System, 
along with the gaseous (atmosphere), 
liquid (hydrosphere), and solid 
(geosphere) components 
Canopy Cover 
The amount of canopy foliage above a 
given portion of ground is the canopy 
cover. This will determine the amount of 
sunlight that reaches that portion of 
ground. 
Catastrophic 
Used to describe a sudden, violent event 
Characteristics 
A distinguishing feature 
Classification 
Sorting a group of items into well-defined 
and distinct subsets according to specific 


Criteria 
Decision rules that are used to determine 
into which subset an item is placed during 
a classification 

Deciduous 
Refers to trees or shrubs that lose their 
leaves every year 

Default 
A preset value that a computer uses or an 
action that it takes unless it is told 
otherwise 

Densiometer 
A device for determining the percentage of 
canopy closure in a wooded environment 

Dichotomous 
This is a branching decision tree (decoder) 
characterized by successive forking into 
two approximately equal and 
contradictory divisions, which ultimately 
leads to only one correct outcome. 

Difference/Error Matrix 
A graphic method of comparing two data 
sets for validation 

Dominant 
A plant or animal that, due to its large 
numbers or size, influences the conditions 
of an area and determines what other 
plants or animals can live there 

Ecosystem 
System formed by the interactions of a 
community of living things with its 
environment 

Equatorial 
Near the equator 

Evapotranspiration 
The return of water to the atmosphere by 
evaporation (from solar energy) and 
transpiration (plant activity.) 


E Glossary 
mu List of terms in a special subject with their 
Clinometer definitions 
A clinometer is an instrument for 
measuring the angle of a change in height 
or elevation. 
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Genus (pl. Genera) 
This is an inclusive category whose 
species have more characteristics in 
common with each other than with 
species of other genera. Genera, therefore, 
are collections of closely related species. 
Geosphere 
The solid component of the Earth system; 
e.g, rocks, soil, etc. 
Gradient 
The rate of change in a measured quantity 
over space or time 
Graminoid 
Grass-like vegetation 
Ground Cover 
The amount of ground-level vegetation 
covering a given area. (For the GLOBE 
program, “ground level" is defined as 
“below the observers knees." Ground 
cover is expressed as a percentage. E.g. 
3096 ground cover means that, viewed 
from above, 3096 of the ground surface is 
obscured by ground-level vegetation. 
Herbaceous 
A plant or plant part that is not woody 
Hierarchical 
Having the characteristics of a system of 
objects ranked one above the other 
Homogeneous 
Composed of parts that are all the same 
kind, in this case, the same land cover 
type 
Hydrosphere 
The liquid component of the Earth 
System; e.g. oceans, lakes, rivers, etc. 
Iterative 
To do something over again or repeatedly 
Magnetic North 
The direction the compass needle points, 
rather than true north which is a 
geographic place 
Metadata 
Any additional information that cannot be 
expressed in the measurement data such 
as historical information, weather 
conditions, weather effects, and other 
observations 


Methodology 
A set of procedures or a planned way of 
doing this investigation 
Multitemporal 
Viewed from more than one point in time 
NOAA 
The National Oceanic and Atmospheric 
Administration. 
Perennating Organs 
Parts of plants that live over from one 
season to another (tubers, rhizomes) 
Perturbations 
A disturbance in the normal functioning of 
a system 
Phenology 
The study of changes over time in an 
environmental setting 
Photointerpretation 
The production of a land cover map or 
identification of specific features by visual 
inspection of an aerial photo or satellite 
image 
Photosynthetic Potential 
The maximum amount of biomass that 
can be produced in an area 
Physiological 
Characteristic of, or appropriate to, an 
organisms healthy or normal functioning 
Pixels 
The smallest element of an image 
Precise 
Exact in measuring 
Primary Productivity 
The rate at which organic material is 
produced by photosynthesis at a given 
location. Often represented as grams (dry 
weight) of Carbon per m? per year. 


Protocol 
A plan for carrying out a scientific study 


Sediment 
Matter that settles to the bottom 
eventually but can be carried along in a 
water body or the air until then 
Senescence 
The plant growth phase from full maturity 
to death that is characterized by a loss in 


dry weight 
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Spatial 
Having to do with space 

Species 
This is a group of individual plants/ 
animals that is fundamentally alike. 

TM 
Thematic Mapper. Carried aboard the 
Landsat 4 and 5 satellites, this instrument 
is designed to study surface features in 7 
bands covering the visible through 
thermal infrared regions with a pixel 
resolution of 30 m in 6 bands and 120 m 
in the thermal infrared band. 

Topographic Map 
Map showing detailed features and 
contour lines of an area 

Urban 
Areas developed for residential (ex. 
houses, apartments), commercial (ex. 
stores), industrial (ex. factories) or 
transportation (ex. roads) uses 

Validation Data 
Data necessary to assess the accuracy of a 
land cover map produced by manual or 
electronic means. 

Variation 
A different form of something 
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A GLOBE’ Learning Investigation 


GLOBE" 2993 


GPS Investigation 
at a Glance 


ng Protocol 


Onetime Only Measurements: 
Time of initial recording and averaged latitude, longitude, and 
elevation for the following Study Sites: 
Atmosphere, Hydrology, Land Cover, Soil Characterization, Soil 
Moisture, and your school which is the center of your GLOBE 
Study Site. 


Suggested Sequence of GPS Investigation 


* Read the Protocol to learn precisely what is measured and how. 
* Copy and distribute the Field Guides to your students. 


* Priorto using the GPS receiver, identify all of your GLOBE sites that require latitude, 
longitude, and elevation measurements. 


* Have the students conduct some test measurements near your [ 
school, following the GPS Field Guide found in the Protocol 
section. When you and your students are comfortable with the 
operation of the receiver go to your GLOBE study sites and, 
following the GPS Field Guide, take the position measurements 
at each site. Report your results back to GLOBE as soon as 
possible upon completing the measurements and calculations. 


* If one or more of your sites are obscured by tree canopy, follow the Offset GPS 
Activity Field Guide to determine your sites position. 


* If your students are experiencing difficulties with performing the measurements or 
are interested in further activities related to global positioning systems, refer to and 


conduct one or more of accompanying activities (Relative and Absolute Directions 
and What is the Right Answer?) 
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* See the full e-guide version of the Teacher's Guide available on the GLOBE Web site and CD-ROM. 
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Introduction 


Overview 


A Global Positioning System (GPS) receiver is a 
hand-held device that receives data directly from 
overhead satellites. Using a GPS receiver, students 
can determine their location, as measured in 
latitude and longitude, almost anywhere in the 
world to an accuracy of + 10 — 15 meters. If they 
average several measurements, typically they can 
determine their location to within + 10 meters or 
less. Thus, students can determine the location 
of their GLOBE sites with sufficient accuracy to 
identify their individual pixel (30 m X 30 m) in 
Landsat images. 


Yes, students can use satellite data. Although it 
was originally designed for military use, GPS is 
now used primarily in civilian applications. As a 
part of GLOBE, students will determine the 
latitude, longitude, and elevation of their school 
as well as of their GLOBE study sites. This 
information is critical for making GLOBE data 
useful for students and scientists around the 
world. The visualization of student data as GLOBE 
maps would not be possible if the latitude and 
longitude of each site where students collect their 
data were not available. 


Satellites 


An object in orbit around a larger body is called a 
satellite. When the Galileo spacecraft reached 
Jupiter and slowed down to enter into an orbit 
around the planet, it became a satellite of Jupiter. 
When we launch a satellite into orbit around 
Earth, it becomes an artificial satellite of Earth just 
as the moon is a natural satellite of Earth. These 
artificial satellites in Earths orbit perform a variety 
of tasks including: long-distance telephone, 
television, and data communication, weather and 
Tatural-resource observations, military surveillance, 
and basic science measurements, 


Ou п : 
D T moon is 384,500 km from Earth, and it takes 
0 " 
df ^w one month to complete one orbit. Because 
uel limitations or a desire to perform close 


observations, space shuttles and some observation 
satellites are only a few hundred kilometers above 
Earth. These Low-Earth-Orbit satellites take a 
minimum of 90 minutes to complete one orbit. 
Communications satellites are in orbits 35,792 km 
above Earth. At this altitude, these satellites take 
exactly one day to circle Earth. This special orbit 
is called Geosynchronous Orbit. A satellite in 
geosynchronous orbit always appears to be at the 
same place in the sky to a terrestrial observer. 
Thus, an antenna pointed at a geosynchronous 
satellite need not move. Compare this to a space 
shuttle which may pass from horizon to horizon 
in minutes or our moon which may take a month 
to move across the sky. 


GPS Satellites 


The Global Positioning System consists of a series 
of satellites, ground control stations, and users 
with GPS receivers. See Figure GPS-I-1. These 
satellites are unmanned and are launched by 
expendable rockets that place them into orbit. 
There are 28 GPS satellites in orbit 20,200 km 
above Earths surface. At this altitude, the satellites 
take about 12 hours to complete one orbit. The 
satellites are spaced in their orbits so that at least 
four are always in view of a terrestrial observer at 
any point on Earth. A ground-based system of 
tracking stations monitor the orbits of the satellites 
to an accuracy of + 1 m, and encodes the satellites 
location, along with the satellite-generated time 
signal, into the unique identification code 
transmitted by each satellite. The satellites 
transmit encoded signals approximately every 15 
seconds. When received by a hand-held GPS unit, 
the data allow the calculation of the latitude, 
longitude and elevation (or altitude) of the 
receiver. The radio signals travel in a straight line 
from the satellite to the GPS receiver passing 
through clouds, light tree canopies, glass, and 
plastic, but not through solid structures such as 
buildings and mountains. When operating, the 
GPS unit is able to identify each satellite as they 
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Figure GPS-I-1: A Global Positioning System Satellite 


come into view, and evaluate the quality of the 
incoming signals. Modern GPS units may receive 
signals from up to 12 satellites at the same time. 
A minimum of three signals is required to give 
the latitude and longitude, while reception of a 
minimum of four signals is necessary to calculate 
the altitude. Reception of a larger number of 
signals produces a more accurate result. 


The capabilities of the GPS system rely critically 
on the development of extremely accurate atomic 
Clocks. The most accurate clocks are capable of 
neither losing nor gaining more than 1 second in 
20 million years! The time given in the GPS 
receiver is accurate to within one billionth of a 
second! The combination of clocks in the GPS 
receiver and atomic clocks on each satellite allow 
the GPS receiver to record the transit time of each 
radio signal to within 1 nanosecond (one billionth 
ofa second). Knowing the speed of light (about 1 
foot per nanosecond) it is possible to use the time 
delay, between the transmission and reception of 
the radio signal, to calculate with extreme accuracy 
the instantaneous distance from each satellite to 
the GPS receiver. Converting the simultaneous 
time delay of signals from three or more satellites 
into distances, it is possible to calculate, by 
triangulation, the position (latitude, longitude, 
and elevation) of the receiver anywhere on the 
surface of Earth. 
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GPS 


Students should learn the basics of GPS. 

Obtain a GPS receiver from GLOBE or another source. 
Practice making GPS measurements near the school. 
Make the GPS measurements at the sites specified. 
Submit your GPS data to GLOBE. 

Return the GPS receiver. 
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GPS Measurement Protocol 


Purpose 
To determine the latitude, longitude, and 
elevation of your school and of all your GLOBE 


sites 


Overview 

The GPS receiver will be used to determine the 
latitude, longitude and elevation of your school 
or of your GLOBE sites. 


Student Outcomes 

Science Concepts 

Earth and Space Sciences 
Earth materials have different physical 
properties (magnetism). 

Physical Science 

Position of an object can be described by 

locating it relative to another object. 
Materials have measurable properties 
(magnetism). 
Magnets attract and repel each other. 

Geography 
Tools and technologies have distinct 
characteristics and capabilities. 
Use appropriate geographic tools. 
Latitude and longitude may be displayed 
on maps. 


Scientific Inquiry Abilities 

Using a GPS receiver to determine latitude 
and longitude 

Using a compass to determine true north 
and south 

Identify answerable questions. 

Design and conduct scientific 
Investigations. 


Ue appropriate mathematics to analyze 
ata. 


Time 


15 minutes to 60 minutes per site 


Level 
All 


Frequency 


Once per site 


Materials and Tools 
GPS receiver 
Magnetic compass 
Tape measure 
Pencil or pen 
GPS Protocol Data Sheet 
Offset GPS Work Sheet 


Preparation 

Determine locations to be visited. Bring GPS 
unit, data sheets, and pen or pencil to field sites. 
Identify sites where GPS location measurement 
is not possible because the signal is blocked. 
For there sites, compass, measuring tape, and 
Offset GPS Data Work Sheet should be also 
brought. 


Prerequisites 


None 
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GPS Protocol ~ 
Introduction 


Have you ever considered how you describe your 
location, or how to give directions to a place? 
When you tell a friend where to meet, you will 
most likely give the location relative to a place or 
object you're both familiar with. For example "lets 
meet outside the main entrance of our school". In 
this case you will both go to the same location 
because you know the local environment of your 
school — it is a system that is referenced to your 
own experience. However, should you plan to 
meet in a new location unfamiliar to both of you, 
such as a nearby city, you will need to find a more 
general framework of reference. For example you 
could use road systems or topographic references 
such as rivers or hills. If you want to locate all 
GLOBE schools and their study sites, you would 
have to resort to a more universal reference system. 


The geographic locating system used is a set of 
lines called latitude and longitude that are mapped, 
like a grid, onto the spherical surface of the Earth. 
By convention, zero degrees longitude passes 
through Greenwich England and zero degrees 
latitude is the Equator. Locations are identified as 


Figure GPS-P-1: Diagram of one example of a GPS 
Receiver 


being east and west of zero longitude and North 
and south of zero latitude. At any location it js 
also possible to further specify ones Position by 
measuring the elevation, or height of the location 
above or below the average sea level, By Teporting 
their latitude, longitude and elevation each 
GLOBE school may be individually located. 


For you, the GLOBE student, the hand-held Gps 
receiver provides a simple and accurate way to 
measure your latitude, longitude and, when 
corrected, elevation. These instruments are 
sufficiently accurate to distinguish the two ends 
of a classroom or to determine your location well 
within an area the size of a single pixel (30 m X 
30 m) of a LandSat image. Besides the location, 
GPS instruments also provide the time, as well as 
additional measurements such as the speed of 
travel between two points, and distance and 
direction between any two locations. Insights into 
the GPS system as a whole, provide an 
understanding of the measurements it produces and 
howa simple measurement relies on a sophisticated 
science and technology infrastructure. 


Offset 

What if you cannot make a GPS latitude and 
longitude measurement at a study or sample site 
because the GPS satellite signals are obscured by 
thick foliage or a building? See Figure GPS-P-2. 
You can move from your site to a nearby location 
where the GPS receiver can receive the satellite 
signals. This is known as an offset location. You 
can then determine the location of your desired 
site by measuring the compass direction and 
distance between the offset location and your site. 
In general, you need to use trigonometric skills 
to determine the desired location. However, if you 
restrict yourselves to moving directly North or 
South from your site, you can determine the 
latitude and longitude of your site using only 
arithmetic and some knowledge about our planet. 


Our planet is almost a sphere. By dividing Earths 
longitudinal circumference of 39,941 kilometers 
by 360 degrees, we learn that there are 110.95 
kilometers (or 110,950 meters) in a degree ? 
circumference. By dividing this by 10,000 we learn 
how many kilometers or meters are in one "e 
thousandth of a degree of circumference (0.011 
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Figure GPS-P-2: Clear and Blocked Views to a GPS 
Satellite 

km/0.0001 degrees or approximately 11 meters/ 
0.0001 degrees). GPS receivers typically present 
locations to the nearest 0.0001 degrees, which is 
approximately 11 meters of latitude on Earth. 
Knowing the distance north or south between 
your site and an offset location allows you to 
determine the difference in their latitudes. 


Elevation 


All measurements of elevation are made using 
mean sea level аз а point of reference. For example, 
Mount Everest has an elevation of 8,850 meters 
above mean sea level. Since sea level fluctuates 
daily with tides, the mean sea level surface is used 
as the reference. The reference surface that passes 
through the global mean sea level and is shaped 
by Earth gravitational field is known as the geoid. 
This surface is not smooth because of the irregular 
distribution of Earth’s gravity field. 


GPS receivers must also use a reference for 
determining elevation, Unfortunately, the geoid 
'S very complicated and too large to fit in the 
Internal memory of most GPS receivers. Instead, 
they contain a simplified shape for a smooth 
hes known as the reference ellipsoid. All GPS 
: ы measurements are made against the 
“erence ellipsoid. See Figure GPS-P-3. While the 
e; and reference ellipsoid may overlap in some 
M m they may differ by more than 100 
ien ecause of this, the elevation of your 
" 24 measured with a GPS receiver may be 

Snilicantly different from the elevation 


determined by other methods (for example, 
topographic maps). The GLOBE server will 
automatically make the geoid correction to your 
elevation once you have entered your GPS 
measurements for latitude, longitude, and 
elevation for your site. 


Magnetic Variation 


On Earth, the magnetic North and South poles 
do not line up exactly with the true North and 
South poles (along our planets rotation axis). 
Earth’s magnetic north pole is slowly moving and 
is currently located in Canada’s Northwest 
Territories about 11 degrees from the North Pole. 
Additionally, the magnetic properties of Earth's 
composition vary slightly among locations. As a 
result, there is a unique distortion to Earth’s 
magnetic field at any given place. Typically a small 
variation of a few degrees must be added or 
subtracted from magnetic compass bearings to 
determine the direction of true North. This 
variation is known as magnetic variation or 
magnetic declination and its value depends on your 
location. Figure GPS-P-4 is a world map of 
magnetic declination. Use this figure to determine 
true north at your location. You may also use a 
topographic map to determine the magnetic 
variation and true North at your location. You will 
need use the true North heading for the Measuring 
Wind Direction Field Guide in the Atmosphere 
Investigation and for the Offset GPS Field Guide in 
this Investigation. Be sure to adjust your compass 
to true North according to the following directions. 


Figure GPS-P-3: Geoid and Ellipsoid Surfaces 


Topographic 

Elevation is Measured 
in Reference to the 
Geoid. 


GPS Measures 
Elevation in Reference 
to the Ellipsoid. 
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Compass: True North 


The magne! 
points Nort 


ic needle in a compass is attracted by the magnetism of the Earth, and that is why it always 
h. However, there are really two North Poles on the Farth. One is the True North Pole which 


is located geographically at the top of the earth (at 90° North latitude): and the other is the Magnetic 
North Pole, an area of highly magnetic rock under central Canada. 


Maps and directions are based on True North while the compass needle points to Magnetic North. 
Magnetic declination is the angle between True North and Magnetic North. Its size and direction 
depends on where you are on the Earth. It is necessary to determine the declination to take accurate 
compass bearings. Compasses either have a mechanism to set the angle of declination or a scale to 


determine declination. 


Because compasses are attracted to metal objects they will give incorrect readings if the user is close to, 
or wearing, metal objects including watches, keys, etc. 


Three Basic Parts of the Compass 


1. The magnetic needle (See A in the Figure GPS-P-5) is attracted by the magnetic North Pole of 
the earth. The magnetic end (black) always points to magnetic north 

2. The graduated dial (B) is used to set the desired bearing. The bearing is read in degrees at the 
sighting arrow (C) at the top of the compass. The dial is graduated in 2 degree increments 
from 0 to 360 degrees. The cardinal directions are at 0 (or 360), 90 degrees, 180 degrees and 
270 degrees which correspond to North, East, South and West. 

3. The base plate (D) has an orienting arrow (E) and a sighting arrow (C). Some models also have 
mirror sights attached. These components are used to line up the magnetic needle and point 


out the “line of travel”, 


Setting Compass Bearings 
Step 1: 


Set the dial (B) to the desired degree reading (the direction in which you want to travel) so that the 


Correct compass bearing lines up with the sighting 
arrow (C), 


Step 2: 

While holding the compass level, turn your body 
until the red end of the magnetic needle (A) lines 
Up with the red orienting arrow (E). “Put the red 
in the shed” is a useful saying to help students 
Temember what to do. The red orienting arrow is 
Considered the “shed.” 


Step 3: 
Your direction or objective will now lie straight 


т the direction you are holding the compass 
the direction in which the sighting arrow points). 


Be sure to choose an object ahead of you in line 
n Your compass bearing and walk toward it. 

is allows you to walk without looking down at 
Your compass, Every few paces stop and check 


th i imsi i 
hat you are still traveling in the desired compass 
rection, 


Figure GPS-P-5: Compass Example 


C. Sighting 
Arrow 


E. Orienting М | A. Magnetic 
Arrow Needle 
(| B. Graduated 
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Teacher Support Student Preparation 
The Learning Activities in this Investigation 
Measurement Logistics provide additional exercises to help students 


understand the measurements of time, relative and 
absolute position, and angles, all the basic 
elements incorporated in the GPS measurement, 


1. Students must determine the latitude, 
longitude, and elevation of their school, 
and for all other GLOBE study sites. 

ү Remember, the location and elevation of H elpful Hints 
each site must be determined only once. 

3. If you or your school do not own a GPS 

receiver and you are borrowing one, you 


N 


Before you use a GPS to receiver make sure that it 
is set to display the following units: 


may want to determine all the sites for * Time as Universal Time (UT) 
which you need to take GPS * Elevation in meters 
measurements. This would allow you to * Latitude and longitude in decimal degrees 


collect GPS data for all the sites in a short 
period of time (e.g., a week). 
^. Locations of GPS measurements: 

Please note that some GPS receivers are not able to display latitude and longitude readings in decima 
degrees. If you are using one of these receivers, you should set it to read in degrees and decima 
minutes and then convert the latitude and longitude readings to decimal degrees before reporting 
them to GLOBE. To do so, use the formula and follow the example given below: 
M 


Ifit does not, follow the manufacturers directions 
or users manual to make these adjustments, 


Converting from Degrees and Decimal Minutes to Decimal Degrees: 
1 degree = 60 minutes 
Reading in decimal degrees = degrees + decimal minutes/(60 minutes/degree) 
Example: 
A latitude reading is given as 15 degrees and 39.03 minutes N. 


Latitude in decimal degrees = 15 degrees + 39.03 minutes/(60 minutes/degree) = 
15 degrees + 0.6505 degrees = 15.6505 degrees 


E Moana 3 
Site | GPS Measurement Location 
School Main entrance 
Atmosphere study site Instrument shelter location 
Hydrology study site | Surface water sampling location ——4 
Soil study sites: 
Soil Characterization site Soil profile location 
Soil Moisture site Center of the soil moisture star pattern 
Soil Temperature _| Soil Moisture or Atmosphere site locations 
Land Cover sample sites | Center of 90 m x 90 m homogeneous area 
Phenology Location of the tree, shrub, or one meter square grass area used 


for the Green-Up and Green-Down measurements. 


Some GLOBE study sites should provide clear views of the sky and thus good satellite reception (€8 
Atmosphere study site), Others, especially the Land Cover and Phenology sites, may offer poor GPS 
reception due to heavy canopy cover. The school location is to be determined at the front or main 
entrance to the school, thus building may block satellite reception to some extent. In these cases use 
the Offset GPS Protocol Field Guide. 
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Field Guide 


Task 
Measure the latitude, longitude, and elevation of your school or a GLOBE study site. 


What You Need 

( GPS receiver О GPS Data Sheet 
Q Watch О Pen or pencil 
In the Field 


Take the GPS receiver to the exact location you would like to determine latitude, longitude, 
and elevation. 


psi 


Turn on the receiver, making sure that you are holding it vertical and you are not blocking the 
antennas view of the sky. In most receivers the antenna is internal and is located at the top of 
the receiver. 


pa 


w 


. After an introduction message, the receiver will start to search for satellites. Some receivers 
may display the previous latitude, longitude, and elevation values while it is locking onto 
satellite signals. 


Wait for the receiver to indicate that at least four satellites have been acquired and that a good 


measurement is available. In most receivers, this is indicated by the appearance of a “3-D” 
message. 


rs 


[zi 


. A опе minute intervals and without moving the receiver more than one meter, make five 
recordings on a copy of the GPS Investigation Data Sheet of all digits and symbols for the 
following displayed values: 

a. Latitude 

b. Longitude 

C. Elevation 

d. Time 

€. Number of satellites 

f. *2-D' or “3-D” status icons 


Ed 


Turn off the receiver. 


ч 


Average all five latitudes, longitudes, and elevations. 


oo 


- Confirm for yourself that your results make sense. You should be able to get a rough estimate 
of your latitude and longitude by looking at a globe or local map. 


Copy and submit all GPS readings as your site location to the GLOBE Student Data Archive. 


© 


1 


e 


: Follow this protocol at each site you need to determine its latitude, longitude, and elevation. 


GI , 
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Offset GPS Protocol 


Field Guide 


Task 
Measure the latitude and longitude of your school or a GLOBE study site when a GPS receiver is 


unable to make an accurate measurement. 


What You Need 

О GPS receiver О Watch 

m Magnetic compass О Pencil or pen 

О Tape measure Û Offset GPS Data Work Sheet 
In the Field 


1. Determine the direction of true North at your location using Figure GPS-P-4. 
2. Go to your desired site and mark it with a flag or other obvious marker. 

3. Follow the GPS Field Guide to confirm that good GPS reception is not possible. 
4. Use the compass to determine true North. 
5. 


Move either North or South to reach the nearest open area in which you can successfully 
follow the GPS Field Guide . This is your offset location. 


6. Follow the GPS Field Guide and record your latitude and longitude. Mark this as the offset 


location. 

7. Record whether the offset location is North or South of your site. 

8. Measure the distance between the offset location and your site in meters and record it on the 
Offset GPS Data Work Sheet. 

9. Divide this distance by 0.0011 meters per degree to determine the latitude difference (in ten 


thousandths of a degree) between the offset location and your site. 
10.Depending on the direction of your offset location: 


* If you moved to the north of your site, subtract this value from the latitude of the offset 
location to determine the latitude of your site. 


* If moved to the south of your site, add this value to the latitude of the offset location to 
determine the latitude of your site. 


11.The longitude of your site is the same as that of the offset location. 


12.Determine the elevation of your site by using a topographic map. 
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Frequently Asked Questions 
1. How long does it take for a GPS receiver to 
determine latitude, longitude, and elevation? 


The GPS receiver may require anywhere from 
several seconds to several minutes to acquire a 
sufficient number of satellites after it has been 
activated. This depends on the availability of GPS 
satellites overhead at the time of your 
measurement, on the presence of obstructions, 
andon the energy level of your receivers batteries. 
If it takes more than five minutes to get a satellite 
lock, change your batteries and try again. 


2. The receiver is not displaying latitude or 
longitude. Why? 


The receiver has many functions available on 
various display screens besides the “Location “ 
screen that usually appears first when the unit is 
powered up. Please read the manual and 
familiarize yourself with these other functions of 
your GPS receiver. 


3. The receiver displays “Insufficient = 
Satellites”, “ Poor Signal Reception”, or similar 
message. What should we do? 


Do not record data if any such messages appear. 
When the receiver has a good view of the sky, 
waiting or moving slightly will usually cause these 
messages to disappear. Standing close to the 
receiver or a group of people hovering around the 
receiver may block the receivers view to the 
satellites and may cause intermittent signal losses 
which will prompt the messages to appear. Stand 
back or hold the receiver high. In thick foliage or 
heavy canopy, the receiver may be unable to lock 
to the requisite four satellites. Because the satellites 
move in the sky, trying again at a later time may 
provide better results. If problems persist due to 
obstructions, follow the Offset GPS Field Guide. 
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What is the Right Answer?* 


Through a series of activities, students will learn that there 
are no “right” answers to some questions. A GPS receiver 
is optional. 


Relative and Absolute Directions 


A set of activities to introduce students to latitude, 
longitude, coordinates and relative and absolute 
directions. A GPS receiver is not needed. 


* See the full e-guide version of the Teacher's Guide available on the GLOBE 
Web site and CD-ROM. 
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Directions 


Purpose 
Learning about latitude and longitude 


Developing math skills 


Overview 
Students begin by asking the simple question: 
“Where Am I?” Then they learn 


about the magnetic Earth and the use of 
compasses and angles. Students also 


learn about the difference between relative and 
absolute locations. 


Throughout this activity, students practice using 
a variety of math skills. 


Student Outcomes 
Learn how to locate a position. 


Science Concepts 
Latitude and longitude determine location. 
A compass may be used the Earth's 

magnetic field to give direction. 

Physical Science 

The position of an object can be described 
by locating it relative to another object. 

Geography 

Location is used to display information on 

maps. 

Science Inquiry Abilities 

Use a magnetic compass to accurately 

determine angular direction. 

Identify answerable questions. 

Design and conduct scientific 
investigations. 

Develop descriptions and explanations 
using evidence. 

Communicate procedures and 
explanations. 


Time 


From one to five class periods depending on 
which steps you choose to do 


Level 


All levels with some exceptions noted 


Materials and Tools 
Paper and pencil 
Graph paper 
Magnetic compasses 
Drawing compasses (for drawing circles) 
Globes 
Metric rulers and meter sticks 
Bar magnet 


Preparation 


None 


Prerequisites 

Beginning levels: Students should be at the 
appropriate developmental level to be able to 
learn about the use of latitude and longitude to 


find a location. 

Intermediate and advanced levels: Basic 
understanding of degrees, angles and coordinate 
systems. 
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Background 

The GLOBE program uses GPS receivers to 
determine the latitude and longitude of GLOBE 
study sites. However, the ideas of latitude and 
longitude, coordinates attached to absolute 
reference systems, or angles from north may be 
new to many students. This set of activities 
introduces these concepts. 


When you ask students, "Where are you?", they 
may respond, “At home" or “At school.” The 
answers are in their own local reference frame. 
If you use a magnetic compass to determine the 
direction to a tree that is north of you, you will 
probably conclude that the tree is to your north. 
However, if you move east or west by any 
substantial amount and use the same compass 
to determine your direction to the same tree, you 
will find the tree to be to your northeast or your 
northwest. Neither the tree nor Earth’s magnetic 
poles have moved, but your compass indicates a 
different direction to the tree. There is Something 
absolute about the positions of the tree and the 
poles, but there is something relative about your 
measurement technique. The starting point 
moved. 


If we impose a gridded coordinate system upon 
Our geographic area of interest or the entire world 
and number the various lines on the grid, we 
now have a reference frame in which we can 
uniquely determine any location independent of 
the relationship between your location and that 
of another individual. Latitude and longitude are 
the names of the values for the coordinate system 
in which we shall be working for geographic 
determination of locations with the Global 
Positioning System. 


What To Do and How To Do It 


Step 1. Relative Positions: Where am 1? 
(For all levels) 


Have students ask themselves the question, 
“Where am I?” and have them list words or draw 
a rough picture of where they are. Lead a class 
discussion on what defines “where are we?” 


Encourage questions and ume for reflection on 
where a person is and how one might explain 
where anyone was. Good questions for students 


to ask are: How can you describe your location to 
another student: in your classroom? in another 
classroom? in another school in town? in another 
town? in another country? Did students describe 
their location using relative or absolute references? 
Emphasize their reference frames. 


Figure GPS-RE-1: The Earth as a Giant Magnet 


Step 2. Attempting to Impose a Reference 
Frame: The Magnetic Earth (For all levels) 


Our planet projects a gigantic magnetic field as if 
it contained a large bar magnet. See Figure GPS- 
RE-1. Another magnet (like a magnetized needle) 
will be attracted to our planets magnetic poles. A 
magnetic compass contains a magnet which can 
spin freely and be observed. Thus, magnetic 
compasses are useful navigational instruments 
because they allow one to see the direction of 
Earths magnetic field, which almost lines up with 
Earth’ north and south poles. 


Figure GPS-RE-2: Suspended Bar Magnet 
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Suspend a bar magnet on à string away from large 
metal objects and allow the magnet to stop any 
rotation or spin. Attach the string to the ends of 
the magnet as shown in Figure GPS-RE-2. 


Ask students what will happen. The magnet will 
eventually stop spinning so that its poles are 
aligned with north and south directions. Students 
can test the north-south direction by comparing 
the magnet with a magnetic compass. 


To use the compass, hold the compass on your 
fingers of your outstretched hand and arm. Hold 
the compass flat relative to the ground so that the 
needle can move freely, and keep it away from all 
metal objects. Position yourself so that you can 
look across the compass through north while 
waiting for the needle to stop moving. Do not 
place the compass near the magnet; it will lessen 
the effectiveness of the compass. 


Step 3. Introductory Compass Angles 
(For beginning levels) 
On a blank sheet of paper, record the following 


observations, using a magnetic compass for 
direction. 


* Record your specific location (e.g., on the 
big rock outside our classroom window) 
and the date. 

List all things that are directly to your 
north (use the compass to find your 
direction), east, south, and west, then 
Write a descriptive paragraph on each 
direction. 


Figure GPS-RE-3: A panoramic view 


Tip. Be specific about what is seen and the 
direction it is from you. Also record only 
permanent objects. In areas where there are many 
things that look similar, try to pick out specific 
differences. 


Remember that good scientists are specific in their 
descriptions and their drawings. They compare 
and contrast in their observations. Examples 
would include the following descriptions at two 
different schools. See Figures GPS-RE-3, GPS-RE- 
4a and 4b. 


1. The red-brown brick building with the 
green window frames is due west. To the 
north of that building is the factory with 
the tall smoke stack. 

2. The area to the east has a single oak tree 
with a fence extending away from the 
observer. 

Ask questions about the observations to encourage 
students to compare and contrast. 


Figures GPS-RE-4a and GPS-RE-4b: View ‘from a school site facing west, view from a school site facing east 
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Step 4. Intermediate and Advanced Compass 
Angles (For intermediate and advanced levels) 


You can divide a circle around you into 360 
degrees. This is also written as 360°. See the GPS 
Learning Activity Working with Angles. 
Navigational directions from some location are 
given as angles around such a circle, with north 
at the starting place, or 0°. East is 90°. south is 
180°; and west is 270°. 


Angular Directions from North 

Your hand can be used to measure directional 
angles effectively. As illustrated in Figure GPS-RE- 
5, if you extend your arm, make a fist, and then 
extend your thumb, the width of your hand (with 
thumb extended) is about 15° (you may need to 
extend the little finger as well). That means that 
six of your hands with extended thumbs would 
fit between north and east. (Each fist with 
extended thumb equals 15°, because there are 90° 
between north and east, and 90° divided by six 
fists is 15° for each fist.) Figure GPS-RE-5: Using 
your hand to measure 15* 


Because the angular relationships of each 
individuals hand will differ slightly, you may find 


Figure GPS-RE-5: Using your hand to measure 15° 


that you have to extend your finger slightly so 
that six “fists” fit into 90 degrees. You may need 
to try to measure six “fists” between north and 
east several times before you consistently get the 
same number of “fists” on repeated trials. Hold 


your thumb tip was. Because you always take your 
hand with you, remember how you extended your 


arm and hand so that you can make future an le 
measurements. Practice Positioning your hand ang 
thumb so that you get a consistent number of 
“hands” between north and east or north and west, 
Now record what you see at the end of each hand 
width. After you feel confident with your 
measurements go on to the panorama observations 
below. 


Step 5. Panorama Observations (For all levels) 


Take a sheet of paper and fold it in half lengthwise, 
Cut along the fold, so that you have two long halves 
of the paper. Tape two of the ends together and 
mark the four directions on the paper, as indicated 
in Figure GPS-RE-6, so that north is on the two far 
ends and south is in the middle. Record all 
observations as drawings on the long narrow strip 
of paper. 


Now that you have had experience with the 
magnetic compass and with the compass directions, 
position yourself in the same Spot as you did for 
the compass activity, Draw a panoramic view of 
what the landscape looks like all around you by 
making multiple individual drawings for each of 
the four north, South, east, and west directions. 
Students can mark all the other directions that fall 
in between (south southeast, northwest by north), 
by measuring the angles with their fists, 


Step 6. Telling Time with the Sun 

To extend this step further, use your fist to measure 
time. Because the sun moves 15° per hour through 
the sky, one can estimate the time in hours until 
sunset by measuring the number of hand-widths 
from the sun to the western horizon. Knowing your 
local time of sunset, you can then work backward 
and estimate your local time without a clock! 


s| E N 


Figure GPS-RE-6: Preparing the strip for drawing a 
panorama 
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Figure GPS-RE-7: Students lined facing a mark to the 
North 

Step 7. Are the North, South, East, and West 
Directions Relative or Absolute? (For all levels) 


Go outdoors and mark a point about two meters 
above the ground (for example, crossed strips of 
tape on a school window), so that you can have 
the students stand along an east-west line south 
of the mark. Have the students form a line with 
the person on the far east due south of the mark. 
The students should be spaced at arms’ length. 
See Figure GPS-RE-7. 


In Figure GPS-RE-8, the boxes represent 
individual students. With compass in hand, the 
first student takes a bearing on the mark and finds 
that the direction is north and the angle is 0°. The 
students will then record “0°” in the box, marked 
"1." Have each student, in numerical order, make 
an angle measurement between north and the 
mark. Because all results will be between north 
and east for the scenario illustrated, all 
measurement results should be between 0° (north) 
and 90° (east). 


Why did each student get a slightly different 
Measurement? Were they all not looking at the 
same point? Their compass angles are relative to 
their individual and different locations. 


Figure GPS-RE-8: О i 
: Overhead diagram of students facin 
9 particular mark е 4 din 


Step 8. Compass Directions Are Relative to 
Your Location (For all levels) 


For practical purposes, Earth north and south 
magnetic poles are fixed close to our planets north 
and south spin axes. In the absence of other 
magnets, a magnetic compass needle aligns itself 
with Earths magnetic field. Thus, its needle will 
point to Earths magnetic poles. (The Earth's 
magnetic poles will not move much during our 
lifetimes.) 


Figure GPS-RE-9: The direction North as perceived at 
different points on Earth 


Earth's magnetic poles appear fixed. However, an 
observer on the equator will claim the direction 
to the north as being along a line tangent to the 
equator. Another observer who is half way from 
the equator to the north pole will also claim that 
the direction north is a line tangent to the globe 
at his location. However, these two lines are not 
parallel. See Figure GPS-RE-9. Therefore, they are 
not pointing in the same direction. Get a globe 
and try this for a variety of different locations 
around the world. You can see that the direction 
you call north depends on your location. 
Therefore, north, south, east, and west are relative 
directions. These directions are angle 
measurements in the direction of the magnetic 
north pole relative to the location from which the 
measurement is taken. 
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Figure GPS-RE-10: Directions from home to school are 
different for everyone 


Further background: Directions are not 
necessarily unique. What problems does this 
cause? Navigation between arbitrary locations 
requires a known point as a fixed reference. Giving 
directions to listeners who are located at different 
positions means that they must agree to some 
point in common before directions can be given. 
Unique starting and ending points (like trade 
Toutes), provide an absolute or fixed reference 
frame such as a coordinate system placed on a 
map. Latitude and longitude provide a similar 
reference frame for our spherical planet. Use the 
drawing and map in Figure GPS-RE-10 to help 
students understand relative and absolute 
directions and Positions. A full page version of 
Figure GPS-RE-10 is included at the end of this 
Learning Activity for you to make duplicates for 
student use. Describe how to 8o from your school 
to your house. Then describe how to go from 
another school to another house. Then ask, what 
is the difference? A tiddle about absolute 
directions: Someone builds a house. All of the 
Outside walls of the house face south. A bear walks 
up to the house. What color is the bear? (Answer: 
White - if all sides of the house face south, then 
the house must be at the North Pole. The only 
bears in the Arctic Circle are polar bears.) 


Step 9. Describing a Location (for all levels) 


We wish to introduce absolute reference frames 
for describing locations. Students will expand 
upon past activities to answer the question “Where 
am I?" or “Where is something?” and will learn 
that they must specify the “where” with sufficient 
clarity so they can communicate their position 
unambiguously to someone else. We ask students 
to provide directions relative to some agreed-upon 
reference or some coordinate system instead of 
relative to themselves. Cartesian coordinates (xy 
axes in geometry and algebra) and latitude and 
longitude on the globe provide such a system, 


Place two students back to back, each with 
checker boards, so that each cannot see the others 
board. Give them two checkers (tokens) and have 
one place the tokens anywhere upon the board. 
Without imposing further rules, have that student 
describe to the other student where to place the 
token, so that each token is in the same position 
on each board. Repeat the process beginning with 
the second student. Lead a discussion on the 
communication between the two students. How 
did the students choose to communicate the 
locations of their tokens? What determined the 
clarity and difficulty of their communications? 


Figure GPS-RE-11: Describing checker locations 
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Step 10. Numerically Describing a Location 
(for intermediate and advanced levels) 

Label a piece of graph paper or a drawn grid as 
shown in Figure GPS-RE-12, Have students find 
positions communicated as follows: (1,2), where 
the first number describes the distance to move 
to the right from zero on the horizontal axis and 
the second number describes the distance to move 
up along the vertical axis. 


0 1 2 3 4 
Figure GPS-RE-13: The resulting simple picture 


Then, have students draw a simple picture from 
the following lines between the given sets of 
Positions. See Figure GPS-RE-13. 


(4.1) 04,4) (4,1) to (5,2) (5,2) to (5,5) 
(59100) (1,1) to (4,1) (1,4) to (4,4) 
(1,4) to (2,5) (2,5) to (5,5) (4,4) to (5,5) 


0 1 2 6 T 8 


9 
Figure GPS-RE- 14: Cartesian coordinates defining arcs 


Discuss what information is needed to 
communicate points and drawings. For example, 
each line required information about a starting 
point and an end point. 


On a new piece of gridded paper, go to position 
(7,4), and draw an arc with a drawing compass 
that has a radius of two units. With position (1,1) 
as the center, draw an arc with a radius of five 
units that intersects the first arc. Finally, draw a 
third arc, with a radius of five units and which 
has a center at (8.0). Where do they intersect? 
How many arcs are needed to determine a point. 


Suppose that the Cartesian coordinates in Table 
GPS-RE-1 were mapping a portion of ocean and 
that the side of each square was the distance it 


Signal travel time 


Ship Location milliseconds 
Alexandria (0,0) 4.0 
Corsica (1,5) 2.0 
Hsuchou (6,3) 3.5 


Table GPS-RE-1: Ship location and time for Bainbridge’s 
signal to travel to each ship 
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Table GPS-RE-2: Places on the Globe 


Latitude Longitude Name 
36'N 139°E 

60°N 30°W 

275 109°W 

90°S 0'E 

90'S 180°W 


Your location 


Your opposite location 


takes a radio signal to travel in one millisecond. 
There are three ships at sea, the Alexandria is at 
(0,0), the Corsica is at (1,5), and the Hsuchou at 
(6,3). Each ship receives a distress signal from a 
fourth ship, the Bainbridge. The time that it took 
the Bainbridge’ distress signal to travel to the three 
potential rescue ships will help the ships locate 
Bainbridge’ position. Can you find the distressed 
ship? (Measurement of signal travel times forms 
the basis of radar and GPS.) 


Step 11. Describing Geographical Locations 
(for intermediate and advanced levels) 


Ona globe, the east-west lines are lines of constant 
latitude and the north-south lines are lines of 
constant longitude. Have students discuss how 
they are similar to and how they are different from 
the lines they found on the Cartesian coordinate 
System. Find the locations listed in Table GPS- 
RE-2. 


Take a globe and find your location. Estimate 
values for your latitude and longitude from the 
globe. Now find the Point on the globe Opposite 
your location and estimate its latitude and 
longitude. What are the relationships between the 
latitude and longitude coordinates for these two 
Opposite locations? 


Note: Steps 9, 10, and 11 present concepts similar 
to those in Odyssey of the Eyes Learning Activity in 
the Land Cover/Biology Investigation. 


Adaptations for Younger and Older 
Students 


Qualitative descriptions of measurements may be 
more appropriate for younger students. For 
example, describing a compass direction as being 
“northeast” may be clearer than “45° from north.” 
More quantitative and analytic techniques may 
be appropriate for older students, For example, 
they can use the Pythagorean Theorem to 
determine distances between locations in a flat, 
gridded coordinate system. 


Student Assessment 

Have students identify various cities or 
geographical features using latitude and longitude. 
Give them a list of cities and have them determine 
latitude and longitude for each. Also have them 
find distances between geographical locations. 
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Site Location Data Sheet 

GPS Investigation Data Sheet 

Offset GPS Measurements Data Sheet 
Glossary 
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Site Location Data Sheet 


You will need at least one copy of this GLOBE GPS Data Sheet per GLOBE site. After making your field 
GPS measurements and averaging the position data, note your results on one of the GPS Data Submission 
Sheets, then submit your data to GLOBE. You can do this by accessing the GPS data entry page under 
the main GLOBE page (http://www.globe.gov) on the World Wide Web. You will be submitting the 
determined average location for each of your sites (Atmosphere, Land Cover, Biology, Hydrology, Soil 
Characterization, and Soil Moisture Study Sites and your school). The data submitted should be rounded 
to the nearest 0.01 minutes as displayed on your GPS receiver. 


Type of Site 


(Atmosphere, Hydrology, etc.) 


Site Description 


(25 characters or less) 


Averaged Latitude 
(Whole Degrees, Decimal Minutes N/S) 


Averaged Longitude 
(Whole Degrees, Decimal Minutes E/W) 


Time of 1st Observation 
Hours: Minutes: Seconds in UT 


Type of Receiver 
Magellan Trailblazer XL & UNAVCO number 


or 


Manufacturer model number and serial number 
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h e et Data Recorded By: 
D ata S Date Recorded: Year. Month: Day: 


Circle Site type: School Atmosphere Hydrology 


Sol .  . IandCover Phenology 
Other. 
Site Name: 
School Name: 
School Address: 


Do not begin recording data until your GPS receiver has *locked in." 
Wait at least one minute between recording observations. 


Record the following data from the appropriate screens on your GPS unit. 
OBS Latitude Longitude Elevation Time # Sats Messages 
Decimal Degrees (N/S) | Decimal Degrees (E/W) Meters H:M:S UTC | Satellites | Circle if Shown 
1 2D 3D 
2 2D 3D 
= +— 
3 2D 3D 
4 2D 3D 
5 2D 3D 
| | < Averages 

GPS Unit Information 

Brand Name: 

Model Number: 

GPS 
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Data Work Sheet 


Data Recorded By: 
Date Recorded: Year. Month: — — Day: 
Circle Site type: School Atmosphere Hydrology 


EO 7 . — and Cover Phenology 
Other. 
Site Name: 
School Name: 
School Address: 


Offset GPS Measurements 
Measured Latitude: degrees N or S (circle one) 


Measured Longitude: degrees W or E (circle one) 


Direction from GLOBE site to offset location: N or S (circle one) 


Distance from GLOBE site to offset location (Distance): meters 


Computations 
Change in Latitude - Distance: meters = degrees 


0.0011 meters/degree 


GLOBE Site's Latitude: 
If offset location further from Equator than the study site: 


GLOBE site latitude = degrees N or S 


(Measured Latitude) - — (Change in latitude) = 
(circle one) 


If offset location closer to the Equator than the study site: 


GLOBE site latitude = (Measured Latitude) + degrees N or S 


(circle one) 


(Change in latitude) - 


GLOBE sites longitude: 7—— — М or E (circle one) Same as Measured Longitude at the Offset location 


GLOBE site's elevation: — — — Бот а local topographic map using your sites latitude and longitude 
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Accuracy 
The difference between the indicated 


measurement value and the true value 
Average 
A technique for using one number to 
describe a group of numbers. An average 
(or mean) value is computed by summing 
a set of values and divided the sum by the 
number of values summed. 
Equinox 
One of the two times of year when the sun 
appears directly over Earth's equator 
occurring typically on 21 March (vernal 
equinox) and 23 September (autumnal 
equinox). On these days, the times of 
daylight and night will be equal. 
Geoid 
The irregular surface that follows the 
global mean sea level and is shaped by 
Earth's gravitational field 
Global Positioning System (GPS) 
The Global Positioning System is a 
navigation system that includes 24 
satellites orbiting 20,200 kilometers above 
the Earth. Using time measurements of 
GPS satellite signals, the receivers can 
pinpoint our latitude, longitude, and 
elevation. 
Histogram 
A frequency distribution plot indicating 
how often a particular number appears in 
a group of numbers 
Latitude 
The angle measurement in degrees of a 
planet north and south of its equator. 
Beginning at the Earth's equator (0°), 
latitude is measured in degrees, with the 
poles being 90° north and south. 


Longitude 
The angle measurement in degrees east 
and west around a planets spin axis. On 
Earth, the Prime Meridian is the north- 
south line through the town of 
Greenwich, England. This is 0° longitude, 
and the International Date Line is 180° 
from the Prime Meridian. 

Magnetic Compass 
A hand-held instrument displaying the 
angular orientation of a pivoting 
lightweight magnet. Because Earth 
behaves like a giant magnet, the magnet in 
the compass will point toward Earth’s 
magnetic poles which generally indicates 
north and south. 

Magnetic Variation 
Also called Magnetic Declination, this is 
the angle between the magnetic and 
geographic (spin axis) poles specific to a 
locality. It is expressed in degrees east or 
west to indicate the direction to true north 
from magnetic north. Earth's magnetic 
north pole is slowly moving and presently 
located in Canada’s North West Territories 
about 11 degrees away from our North 
Pole. Additionally, magnetic properties of 
Earth’s composition vary slightly between 
locations contributing a unique distortion 
to Earth's magnetic field at any given site. 
Values may be found on navigation charts. 

Meridian 
This is a circumference around the Earths 
surface which passes through both poles 
and the equator. These form curves of 
constant longitude between any two 


poles. 
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Navigation 
The science and technology of 
determining course, position, and distance 
traveled. 
Offset Site 
This is a site directly north or south of a 
site where we are able to make a successful 
GPS measurement. 
Positions (or Locations) 
Absolute 
Measured from an agreed upon fixed location. 
Relative 
Measured from some arbitrary point such as 
your location. 
Plumb bob 
A vertical line formed by a string 
supporting a weight. The weights used to 
be made of lead and a former and Latin 
derived chemical name for lead was 
"plumbum" from which comes the English 
word “plumber”. 
Precision 
The measure of the repeatability of an 
observation, that is if a measurement is 
repeated multiple times, how much will 
the individual measured values vary from 
the average of all the measurements, 
Reference Ellipsoid 
A smooth surface that approximates mean 
sea level. It is used by GPS receivers as the 
reference surface in their elevation 
measurements. 
Resolution 
The smallest change which can be 
displayed by an instrument 
Satellite 
Any celestial body that orbits another 
larger body 


Solstice 
One of the two times of the year when 
the overhead sun appears furthest from 
Earths equator occurring typically on 2 1 
June and 22 December. These will be the 
longest and shortest days of the year if 
your location is respectively closer to or 
further from the overhead sun. 

Sun angle 
This is the angle between horizontal (the 
ground) and our sun. Sometimes this 
angle is called an elevation or altitude 
angle. 

Trigonometry 
The mathematical study of triangles, 
trigonometric functions, and their 
applications. Trigonometric techniques 
allow us to relate angle values to the 
lengths of various sides of a triangle. 

Zenith angle 
For our sun angle measurement, this is 
the angle between vertical (straight up) 
and our sun. In navigation, this is 
sometimes called a zenith distance. On 
the days of the spring or fall equinoxes, 
this angle will be our latitude. The zenith 
is the point directly overhead wherever 
we are. The sum of the sun angle and the 
zenith angle is 90°, 
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circular Units, Distances, and 

Relationships 

Degree C) UE 
A circle may be divided into 360° (or 400 
Grads or about two times Pi ( | Radians). 
Small fractions of a degree may be 
indicated either as decimal fractions 
(25.2525°) or using whole degrees, 
minutes, and seconds 25° 15' 9"), 

Minute (arc minute, ') 
One degree may be divided into 60 
minutes. Therefore, there are 360 x 60 = 
21,600 arc minutes (21.600') in a circle. 

Second (arc second, ") 
One minute may be divided into 60 
seconds. Therefore, there are 60 x 60 = 
3600 arc seconds in one degree or 
1,296,000 arc seconds (1,296,000") ina 
circle. 

Radian 
An angle measurement unit equal to the 
angle subtended at the center of a circle by 
an arc equal in length to the radius of the 
circle. A full circle contains two times Pi 
radians or 360°. One radian is about 57.3°. 
For example: 25°. 15' 9" = 25.2525° = 
about 0.4407 radians. Pi is an irrational 
number (cannot be described as a ratio of 
two whole numbers and thus requires an 
infinite number of decimal digits) with a 
value of about 3.141592653590. Pi has 
been computed to millions of digits but 
the accuracy of the value listed here would 
induce errors of less than a meter when 
working with distances the size of our 
solar system. 


Time Reference Frames 

Local Solar Noon 
The time-of-day when the sun angle is 
greatest at your location. This time is 
specific to your location and varies by 
about a half-hour throughout the year. 

Mean Time 
Formerly called Civil Time, this is the 
time-of-day value typically displayed on 
our clocks. It is defined to cause the 
yearly average location of the sun to be the 
same and near overhead at noon in your 
time zone. Each time zone is different by 
one hour from adjacent time zones and is 
defined to be 15° of longitude with a few 
minor exceptions determined by 
governments to suit local needs or 
geography. Your mean may be related to 
Universal Time by determining your 
distance from Earth's 0° longitude either in 
15° increments or numbers of time zones. 
Universal and Mean Time may be 
contrasted to Sidereal Time (used by 
astronomers and sometimes called star 
time) which is defined to bring distant 
celestial bodies to the same point in the 
sky after exactly one Earth rotation 
around its sun. A sidereal day is about 4 
minutes shorter than a day as indicated 
using mean time. 

Universal Time 
Also known as UT, Zulu, or GMT 
(Greenwich Mean Time), this is the time- 
of-day for a 24 hour day defined to cause 
the yearly average location of the sun to be 
overhead at noon when observed at 
Earth zero degree longitude. 
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Consequences of the 23.5' tilt of Earth's 
spin axis from the plane of Earth's solar 
orbit 


Arctic and Antarctic Circles 
Also called North and South Polar Circles, 
these are the extremes in latitude (66.5° 
North and South) from Earths poles where 
total darkness or sunlight may be 
experienced in local respective winters or 
summers. 

Tropics of Cancer and Capricorn 
These are the extremes in latitude (23.5° 
North and South respectively) from Earth's 
equator between which the sun may be 
directly overhead at some time during the 
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Investigation 


AGLOBE' Learning Investigation 


Earth System Science Investigation 
at a Glance 


ag Protocols 


Daily, Seasonal Measurements 


Basic 
Budburst 


Bi-weekly, Seasonal Measurements 
Basic 

Green-Up 

Green-Down 

Optional Measurements 


Ruby-Throated Hummingbirds (daily or bi-weekly, seasonal) 


Phenological Gardens (daily or bi-weekly, seasonal) 
ا‎ ————À 


Suggested Sequence of Activities 


* Read the Introduction to become familiar with seasons, phenology, and st udying Earth system 
science at different space and time scales. 


If you want to do the Phenological Gardens Protocol, the best time to plant your garden is in the 
spring or autumn. You must wait a year to collect data. 


What Can We Learn About Our Seasons, What Are Some Factors That Affect Seasonal Patterns, How 
Do Seasonal Temperature Patterns Vary Among Different Regions of the World learning activities 
introduce students to characteristics and patterns of seasons. 

Green-Up Cards, A Sneak Preview to Budburst, and a First Look at Phenology learning activities 
set the stage for taking the phenology measurements, 

Choose one of the Phenology Protocols to start (Green Down or Hummingbirds in the fall; Budburst, 
Green Up, or Hummingbirds in the spring); Phenological Gardens throughout the year) 

A Beginning Look at Photosynthesis and Investigating Leaf Pigments learning activities help students 


better understand the Process of photosynthesis, 
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in different ecosystems, 


Modeling the Reasons for Seasonal Change and Seasonal Change on Land and Water learning activities 
helps students understand factors that cause seasonal patterns. 


Connecting the Parts of the Study Site, Representing the Study Site in a Diagram, Using Graphs 8 
Show Connections, Diagramming the Study Site for Others, and Comparing the Study Site to One in 


Another Region learning activities allow students to explore Earth system connections at the 
local scale. 


. 
Iw] 
©, 
3 
= 
R 
22 
c 
99 
© 
> 
= 
© 
= 
A 
8 
zi 
a 
D 
5 
A 
tm 
i 
e 
u 
S, 
- 
= 
Š 
E 
2 
8 
A 
O 
= 
"S 
= 
a 
© 
з 
A 
S 
оч 
© 
з 
б 
Dp 
s 
2 
5 
da 
£5 
Q 
E 
E 
© 
8 
ч 
ъъ 


Your Regional to Global Connections and Components of the Earth System Working Together learning 
activities allow students to explore Earth System connections at the global scale. 
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E 4 * See the full e-guide version of the Teacher's Guide available on the GLOBE Web site and CD-ROM. 
ا‎ * Separate print version available on request to schools in the areas where the protocol Tra 
A conducted. The protocol and related material are also available in the e-guide version o 
Teacher's Guide available on the GLOBE Web site and CD-ROM. 
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Introduction 


Why Study Earth System 
Science? 


Perceiving Earth as a system begins when we first 
feel warmth from sunshine or get wet standing in 
the rain. Understanding Earth as a system — Earth 
System Science — requires a quantitative explora- 
tion of the connections among all parts (atmo- 
sphere, hydrosphere, lithosphere, and biosphere) 
of the system. The measurements of the GLOBE 
Program provide students with the means to be- 
gin this exploration for themselves. 


The processes comprising the global environment 
are interconnected. Many of the major environ- 
mental issues of our time have driven scientists 
to study how these connections operate on a glo- 
bal basis — to understand the Earth as a system. 


Studies of the stratospheric ozone layer involve 
questions about the processes which create and 
destroy ozone. Scientists have learned that ozone, 
à chemical primarily found in a layer centered 
about 25 km above Earth's surface, is connected 
to biological activity happening below Earth's 
surface. Different chemicals, present in the air in 
trace amounts, control the abundance of ozone 
in the atmosphere. The sources of these trace con- 
stituents include microorganisms in the soil and 
water, land plants, and even some animals. 


Scientists studying climate changes are also in- 
lerested in the connections between the different 
Earth processes. Some of the trace gases in the 
atmosphere make it more difficult for heat (in- 
lrared radiation) to escape from the Earths sur- 
face to Space. The amounts of these greenhouse 
Bases found in the atmosphere are tied to the 
physical, chemical, and biological processes tak- 
E place in soil and water and on land. They are 
ni со by the circulation of the oceans 
ri dui ere. To predict the future course of 
libr eoi we need to understand this detailed 
connections, 


Ecologi І 
ше Study the way in which the living and 
“ving components of an ecosystem interact. 


Individual organisms and species compete and co- 
operate with one another. In some cases, interde- 
pendence is so strong that different plants and 
animals cannot reproduce or even exist without 
each other. There is a web of life with extensive 
recycling of nutrients, and each organism plays a 
role. If one component of the ecosystem is changed 
the effects ripple through the system. 


Scientists do not know all the Earth system con- 
nections yet, but they keep working to gain a more 
complete understanding. GLOBE students can 
help through data collection and student research. 
GLOBE students and scientists working together 
will improve our understanding of the Earth sys- 
tem. As students conduct the full range of GLOBE 
measurements (perhaps spread over several school 
years in multiple grades), they should gain a per- 
ception that the environment is the result of an 
interplay among many processes that take place 
locally, regionally, and globally on time scales rang- 
ing from seconds to centuries. This is a key GLOBE 
lesson. The learning activities in this chapter help 
students learn this as they study annual variations 
in environmental parameters (the Seasons and Phe- 
nology section) and examine the connections 
among the various phenomena measured in 
GLOBE on local, regional, and global spatial scales 
(the Exploring the Connections section). 


In addition to learning activities, there are phe- 
nology protocols within the Seasons and Phenol- 
ogy section. Phenology is the study of living 
organisms’ response to seasonal changes in their 
environment. Change in the period between 
green-up and senescence, often synonymous with 
the growing season, may be an indication of glo- 
bal climate change. Broad-area estimates of the 
lengths of growing seasons are primarily based 
on satellite data. However, remote sensing esti- 
mates from satellites are not exact because the 
actual behavior of the plants must be inferred from 
the collective appearance of their foliage. GLOBE 
student observations, the only global network of 
ground-based plant phenology observations, will 
help scientists validate their estimates of global 
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greenness values that they derive using satellite 
data. Monitoring the length of the growing sea- 
son is important for society so that it can better 
adapt to variations in the length of the growing 
Season and to other impacts of climate change, 
Which may affect food production, economic 
growth, and human health. 


The Big Picture 


The planet we call Earth is made up of five 
‘spheres’, the atmosphere, hydrosphere, lithos- 
phere, cryosphere, and biosphere, connected to 
each other in a complex web of processes. See 
Figure EA-I-1. The atmosphere consists of the 
gases and particles suspended in the air. The 
oceans, inland water bodies, ground water, and 
ice sheets (cryosphere), comprise the hydrosphere. 
The lithosphere refers to the solid earth; the core, 
mantle, crust, and soil layers (pedosphere). The 
places on Earth where organisms live are collec- 
tively known as the biosphere. Instead of focus- 
ing on the individual parts of the Earth, Earth 
system scientists use chemistry, biology, and phys- 
ics to study the cycles that connect these spheres 
with each other and with the energy from the sun, 
which ultimately drives almost all of these 
processes, 


The major cycles that connect the different parts 
of the Earth are the energy cycle (see Figure EA-I- 
2), the water cycle (hydrologic cycle, see Figure 
EA-I-3), and the cycles of important individual 
elements (e.g., carbon, nitrogen, see Figure EA-I- 
4). Each cycle is made up of reservoirs, places 
where energy, water, and elements are stored for a 


matter from one reservoir to another (e.g., pre- 
cipitation, transpiration, ocean currents, wind, 
river flow) and processes that change the form of 
energy, water, and elements (e.g., photosynthesis, 
condensation, fire), Every GLOBE measurement 
is designed to help Earth System scientists in their 
goal of determining the sizes of Earth’ reservoirs 
and the rate of fluxes into and out of these 
reservoirs. 


Energy from the sun flows through the environ. 
ment, heating the atmosphere, the Oceans, and 
the land surface, and fueling most of the bio. 
sphere. See Figure EA-I-2, Differences in the 
amount of energy absorbed in different places set 
the atmosphere and oceans in motion and help 
determine their overall temperature and chemi- 
cal structure. These motions, such as wind pat- 
terns and ocean currents redistribute energy 
throughout the environment. Eventually the en- 
ergy that began as sunshine (short-wave radia- 
tion) leaves the planet as Earth shine (light 
reflected by the atmosphere and surface back into 
space) and infrared radiation (heat, also called 
long wave radiation) emitted by all parts of the 
planet which reaches the top of the atmosphere, 
This flow of energy from the sun, through the 
environment, and back into Space is a major con- 
nection in the Earth system; it defines Earths 
climate. 


Water and chemical elements are cycled through 
the environment. Water melts, evaporates, con- 
denses, and freezes, and is moved from place to 
place in the atmosphere, the oceans, across the 
land surface, and through soil and rocks. See Fig- 
ure EA-I-3. Each of the chemical elements un- 
dergoes chemical reactions, but the total amount 
ofeach on Earth remains essentially fixed. In this 
way, the environment consists of a set of cycles 
for water, carbon, nitrogen, phosphorous, etc. 
Since the cycles of the elements involve life, 
chemicals, and the solid Earth, they are collec- 
tively known as biogeochemical cycles. Figure EA- 
1-4 shows one of these, the carbon cycle. 
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Figure EA-l-1: Schematic Diagram of the Earth System from the Center of the Earth to 480 km up into the Atmosphere 
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Figure EA-I-2: Schematic Diagram ofthe Earth's Energy Budget 
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Figure ЕА-1-3: The Hydrologic Cycle 
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: Figure EA-I-4: The Carbon Cycle 
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Components of the Earth System 

The GLOBE program has students take measure- 
ments of many parts of the Earths systems. The 
table below indicates where the GLOBE investiga- 
tions lie with the components of the Earth system. 


Components of 
the Earth System GLOBE Investigations | 


Atmosphere (Air) Atmosphere Investigation 


Oceans and Fresh Hydrology Investigation 
L water bodies zi 


Atmosphere Investigation 
(solid precipitation) 


Cryosphere (ice) 


Hydrology Investigation 
(frozen water sites) 


Soil Soil Investigation | 


Land Cover Investigation 
Earth as a System 
Phenology Investigation 


exo lE. cuo 


Cycles of the Earth System 


n the environment, energy can be in the form of 
radiation (solar or short-wave radiation and in- 
frared or long-wave radiation), sensible heat (ther- 
mal energy), latent heat (heat released when water 
goes from the gas to the liquid or solid state), ki- 
netic energy (energy of motion including winds, 
tides, and ocean currents), potential energy (stored 
energy), and chemical energy (energy absorbed 
or released during chemical Teactions). Scientists 
want to know, model and predict the amount of 
energy in all of its forms in each component of 
the Earth system, how it is exchanged among the 
components, and how it is moved from place to 
place within each of the components. 


Terrestrial (land) 
vegetation 


The energy cycle is intertwined with the hydro- 
logic cycle. Some of the energy in the sunlight 
teaching Earth’s surface Causes evaporation from 
surface water and soils. The atmosphere trans- 
Ports the resulting water vapor until it condenses 
in clouds, releasing the latent energy that evapo- 
rated the water. Water droplets and ice Particles 
in clouds grow in size until they form precipita- 
tion, falling to the surface as rain, snow, sleet, or 


hail. Once the precipitation falls, the water сап 
remain frozen on the surface to melt at a later 
time, evaporate again into the atmosphere, gn 
spaces in the soil, be taken up by plants, be con- 
sumed by animals, leach through the soil into 
groundwater, run off the land surface into rivers, 
streams, lakes and ultimately into the Oceans or 
become part of a surface water body. Snow and 
ice reflect more sunlight back to space than ocean 
water or most other types of land Cover, so the 
amount of snow or ice covering Earth’ surface 
affects the energy cycle. 


Together, the combined energy and hydrologic 
cycles affect the biogeochemical cycles. In the at- 
mosphere, chemical reactions driven by sunlight 
create and destroy a rich mixture of chemicals 
including ozone. Some of these chemicals com- 
bine with water to form aerosols -liquid and solid 
particles suspended in the air. Atmospheric 
chemicals and aerosols become incorporated in 
water droplets and ice crystals and are carried 
from the atmosphere to the surface by precipita- 
tion. Microorganisms in the soil and surface wa- 
ters, plants, and animals all take in chemicals from 
the air and water around them and release other 
chemicals into the atmosphere, fresh water bod- 
ies, and oceans. Winds enhance evaporation of 
water from the surface and blow fine grain par- 
ticles into the air where they are suspended as 
aerosols. Agricultural and industrial activities also 
input and remove energy, water, gases, and par- 
ticles from surface waters, soil, rocks, and air. The 
quantity and distribution of gases such as water 
vapor, carbon dioxide, nitrous oxide (N,O), and 
methane in the atmosphere determine how in- 
frared radiation is absorbed and transmitted be- 
tween Earths surface and space. This in turn 
affects the temperature at the surface and through- 
out the atmosphere. There are many other WAP 
in which the energy, water, and biogeochemical 
cycles interact and influence our environment, 
far more than can be described here. 


How GLOBE Measurements Contribute 
to Earth System Studies | 
GLOBE measurements of the temperature of ait, 
water bodies, and soil help track the energy cycle 
GLOBE students also measure cloud cover, clou 


GLOBE” 2003 


Introduction - 6 


Earth System Science 


type aerosols, water transparency, and land cover. 
ЫП of these observations helps scientists deter- 
mine what happens to the solar radiation (sun- 
light) and the thermal infrared radiation 
originating on Earth (heat). How much sunlight 
is reflected or absorbed by clouds or Earth sur- 
face? How much out-going infrared radiation is 
absorbed by the atmosphere and how much is re- 
radiated back downward? 


GLOBE measurements of liquid and solid precipi- 
tation, relative humidity, soil moisture, land cover, 
and canopy and ground cover and the identifica- 
tion of the dominant and codominant species of 
trees help track the hydrologic cycle. Knowing the 
characteristics of the top meter of soil and its in- 
filtration properties enables scientists to calculate 
how water will pass into and through the soil; soil 
bulk density and particle density determine how 
much water can be stored in the soil. Measure- 
ments of the surface temperature of a water body 
and of soil moisture and temperature enable esti- 
mation of evaporation rates. How much rain falls 
on Earth? Is the hydrologic cycle becoming more 
intense? Are the various fluxes in the hydrologic 
cycle increasing? 


GLOBE observations contribute to the study of 
the biogeochemical cycles. Measurements of the 
pH of precipitation, soil horizons, and surface 
waters are fundamental because pH influences 
how different chemical elements interact with 
water flowing through the environment. Lower- 
ing pH can mobilize different chemicals from the 
surfaces of rocks and soil particles. Living plants 
are a significant reservoir in the carbon cycle. 
Measurements of the mass of dried grasses and 
the circumference and height of trees enable esti- 
mation of how much carbon is stored in the liv- 
ing biomass of a forest or grassland. As carbon is 
added to the atmosphere, how much is taken out 
by terrestrial vegetation? 


Open versus Closed Systems 


Ifyou look at Earth from outer space, the Earth is 
an almost closed system. A closed system is one in 
ees matter enters or leaves. (An isolated sys- 
ds ne in which no matter or energy enters or 

es.) Other than the transfer of some gases and 


particles entering Earths atmosphere, the com- 
ponents remain on Earth without new additions. 
When studying Earth as a whole, you usually do 
not need to consider the effects of inputs and out- 
puts to the Earth system except for the energy 
from the sun. 


Smaller systems can be nested within larger sys- 
tems. For instance, you can study a watershed — 
the land area which all drains into a common 
water body. Watersheds come in a variety of sizes 
with smaller ones combining to form larger ones. 
For example, you could study the entire area 
which drains into the Arctic Ocean, or focus only 
on the MacKenzie River basin in Canada, or on 
just the Liard River, a tributary of the MacKenzie. 
Where you define the boundaries of your system, 
as a watershed, depends on the questions being 
asked. These concepts will be developed more in 
Exploring the Connections. 


Any system within the Earth system, such as a 
watershed, is considered an open system. Water 
and chemicals as well as energy enter and leave 
the boundaries of the system. Still, the compo- 
nents of this open system may be more closely 
connected to one another than they are to ex- 
changes between the system and its surroundings. 
The inputs and outputs may be important for 
understanding the dynamics of the system you 
are studying. 


Scales of Space and Time 


All the processes of the Earth system occur on 
specific space and time scales. Some occur on a 
scale so small that our eyes cannot see them, while 
other phenomena cover an entire continent or the 
whole planet. The time scales for different phe- 
nomena vary tremendously as well. Some atmo- 
spheric chemical reactions happen in fractions of 
a second. The formation of soil with its interplay 
of physical, chemical, and biological characteris- 
tics happens locally over many years (generally 
at a rate of 1 cm of depth per century). Major 
weather systems including hurricanes usually 
develop and dissipate on time scales of one to 
two weeks and cover hundreds of kilometers. 


of the Earth system can 


Parts of the various cycles 
d locally on relatively 


be measured and understoo 
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short time scales, Seconds to days; in other cases, 
One must try to characterize the whole globe for 
decades to test theories, understand processes, and 
gain overall knowledge. Lets consider one ex- 
ample of each situation: 


1. The balance in the amount and flow of 
water in a small watershed. 
We can sample the input of water to the 
surface by measuring precipitation at one 
or more sites (the more sites, the better the 
estimate will be). The evaporation of water 
can be calculated from temperature 
measurements of the surface soil and water 
and knowledge of the surface soil moisture 
and particle size distribution or texture. 
The transpiration of Water by trees and 
other plants can be estimated by mapping 
the land cover, measuring canopy and 
ground cover at a number of Sites, and 
identifying the dominant Species of trees 


underground water bodies). The level of 
the stream or river through which water 
flows out of the watershed is an indication 
of how fast this flow is. The inputs and 


needed measurements are included in the 
GLOBE protocols and the others can often 
be obtained from other sources or 


2 


data for many years on a global Scale ang 
look for connections, Causes, and 
consequences, Predictions based on an 
overall understanding of the ENSO 
examined locally using data Tecords 
covering many months including the data 
sets collected and Feported as part of 
GLOBE. GLOBE student data of air 


Can be 


adequacy of our current understanding 
and modeling abilities. 


Key Concepts 


As discussed in the Previous pages, when study- 
ing Earth as a System, there are a few key con- 
cepts to understand. These are: 


The Earth is a system made up of 
components. 

Energy, water, and the chemical elements 
are stored in various places and forms and 
are transported and transformed by 
various processes and cycles, 
Connections among phenomena can be 
traced through the energy, hydrologic and 
biogeochemical cycles, 

Phenomena happen ona range of time 
and spatial scales, 


Four Major Components of the Earth System 


Atmosphere 


Biosphere 


Lithosphere/ 


Hydrosphere 
уар Pedosphere, 


Note: See Diagramming Earth as a System in Ex- 
ploring the Connections Introduction. 
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The Seasonal Cycle 


The seasonal Picture: Why are there 
seasons? 

Farth’s seasons change in a regular fashion and 
bring a rhythm to our lives. Whether it is the ar- 
rival of winter snows, monsoon rains, or summer 
heat, our environment changes constantly, and 
these profound changes occur over relatively short 
time periods. That they recur in predictable ways 
helps make such huge, complex changes compre- 
hensible. Many ancient civilizations observed that 
the Suns position in the sky changed throughout 
the year and were able to construct calendars and 
make predictions based on their observations, 
which they used for agricultural and religious 
purposes. 


All seasonal changes are driven by shifts in the 
intensity of sunlight reaching Earth's surface (in- 
solation). More energy per unit area leads to higher 
temperatures, which results in more evaporation, 
which produces more rain, which starts plants 
growing. This sequence describes Spring for many 
mid-latitude climates. Since visible light is the 
main form of solar energy reaching Earth, day 
length is a reasonably accurate way to gauge the 
level of insolation and has long been used as a 
way to understand when one season ends and the 
next one begins. The first day of summer, (sum- 
mer solstice) is the longest day of the year. Winter 
starts on the shortest day of the year, (winter sol- 
stice). The first days of spring and fall are when 
the day and night are of equal length — roughly 
12 hours each. These days are named vernal and 
autumnal equinoxes. 


The changing day length results from the Earths 
axis of rotation being inclined 23.5° with respect 
to the plane of its orbit around the sun. Figure 
EA-L5 shows the inclined Earth at different posi- 
tions in its orbit. Notice how at the solstice posi- 
tions, each pole is tilted either toward or away 


from the Sun. The pole inclined toward the Sun 
receives 24 hours of sunlight, and the one inclined 
away is in Earth's shadow and experiences 24 
hours of darkness. At the equinox positions, Earth 
is inclined in a way so that each pole receives equal 
amounts of insolation. This discussion focuses on 
the poles because they experience the greatest 
extremes of insolation. Because of the inclination 
of Earth's axis, insolation levels at every point on 
Earth change constantly. We call the aggregate 
effects of these changing levels seasons. 


Figure EA-I-5: Tilt of the Earth's Axis 


The tilt in Earths axis of rotation has an addi- 
tional effect, which amplifies the length of day 
effect. At every latitude, the Earth’s surface is at a 
different angle with respect to the incoming sun- 
light. Look at Figure EA-I-6. When the surface is 
perpendicular to the sunlight, the sun is straight 
overhead, and the amount of sunlight striking a 
fixed area is at its maximum. As the sun moyes 
lower in the sky and the angle at which sunlight 
strikes the ground decreases, the intensity of sun- 
light striking the same area gets smaller. In the 
summer, the sun is closer to being straight over- 
head at local solar noon than in the winter except 
close to the equator. So, not only is the day longer 
in summer than in winter, but the sun delivers 
more energy to each unit of area of Earths surface 
in the hemisphere where it is summer. 
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Figure EA-I-6: How Latitude Affects the Amount of 
Incoming Energy from the Sun 


How Latitude Influences the Amount 
of Energy per Unit of Surface Area 


it takes to heat one gram of water One Kis] um 
K? compared to 0.4 cal Б! K' for soil. 


it takes to heat soi] ІК. Second, Some 
light penetrates many meters into the 


Radiant 
Energy 
from 

the Sun 


Some extent with the surface Water and moder. 
ates its temperature changes. Third, winds pro- 
duce movement in the surface waters which Causes 


Factors Influencing Local Seasonal 
atterns 


Latitude 


Figure EA-I-7 shows how insolation levels vary 
with latitude throughout the year. Because of this 


climate. The size of à continent affects both the 
temperature range and the amount of moisture 
in the interior — the larger the continent, the fur- 
ther away the ocean and the larger the difference 
between summer and winter. 


Figure EA-I-9: Continental and Marine Climates 


Figure EA-I-8: Approximate Global Climate Zones 


Global Climate Zones 


30° N Zo 
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Wind Direction 


The direction of ihe prevailing winds also affects 
local climate. If an area is downwind of the ocean 
(the west coasts of continents in mid-latitudes) 
the climate is strongly affected by the presence of 
the ocean as described above. If the winds are 
blowing from the interior of the continent, then 
they tend to be dry and to bring with them the 
larger contrasts in summer and winter tempera- 
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EA-I-7: Incoming solar Radiation Throughout the Year 


Figure 
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Figure ЕА-1-10: Mountain Producing а Rain Shadow Effect 


Moist, warm 
air rises 


tures. Areas in the high latitude parts of the tem- 
perate zones and downwind of lakes receive large 
amounts of lake-effect snow while the lakes are 
unfrozen. Generally, prevailing winds connect the 
local climate with that upwind. Seasonal changes 
in prevailing wind direction can make seasonal 
contrasts greater or smaller. 


Geographical Features 


Geographical features have profound impacts on 
the climate of nearby regions. For example, moun- 
tains can cause moist air to rise and precipitate 
out almost all of its moisture. When dry air de- 
scends behind the mountain, it lacks enough 
moisture to provide much precipitation. The 
mountains create a rain shadow. See Figure EA-I- 
10. Many deserts are found in such rain shad- 


Figure EA-I-11: Impact of Elevation on Climate Zone 


The Impact of Elevation 
Elevation Temperature (°C) 
(m) 11 am May 23, 1997 


1,935 -6.0 


GLOBE* 2003 


ows. In addition to arid land, typical desert re- 
gions lack the atmospheric moisture that acts as 
insulation between the Earth's surface and space 
(water is the major greenhouse gas on Earth). Con- 
sequently, desert areas easily radiate their heat en- 
ergy out to space, and day and night temperature 
differences are considerable. 


Elevation also influences seasonal patterns. 
Changes in elevation can affect the environment 
as much as changes in latitude. Average air tem- 
perature falls approximately 1° C for every 150 
meter increase in elevation, and, in terms of grow- 
ing season, every 300 m increase in elevation is 
roughly equivalent to moving poleward by 400- 
500 km (roughly four to five degrees of latitude). 
Mountain tops can be thought of as climatic is- 
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ern species extend their ranges southward on ing at GLOBE School data, A 


lands where, in the Northern Hemisphere, north- Students can study each of these effec 


IS by log, 
climatogram show 


mountains where conditions resemble those of the monthly mean temperature and Monthly tg 
more northern latitudes. Plants growing on the tal water equivalent of the precipitation for the 
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in the Arctic tundra, 2,400 km to the north in differences clear and prompts 


5 Mt. Washington (1,935 whole year. Comparing these diagrams for schools 


top of New Hampshire 
f m) would feel right at home growing at sea leve] іп different areas (see Figure EA-I-12) makes thes 


Canada. See Figure EA-I-1]. Teasons for these differences, 


Figure EA-I-12: Climatograms ‘for Calcutta, india and Berkeley, California 
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Figure EMT 13: Global Surface Air Temperature in January and July, 1988. 
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The Earth System through 
the seasonal Cycle 


In GLOBE, the seasonal cycle plays a role in the 
of some measurements. Examining GLOBE 
data through the seasonal cycle can give you some 
understanding of how Earth works as a system. 
We can see this by examining some examples of 
how the seasonal cycle affects different compo- 
nents of the Earth system. The examples here may 
provide some background material to better un- 
derstand and interpret GLOBE data. These ex- 
amples indicate our current understanding and 
are based on previous studies. Many of the GLOBE 
data will reveal some of these seasonal patterns. 
As well, GLOBE data will expand and refine our 
understanding of seasonal patterns by examining 
many sites over a long period of time. 


timing 


The Atmosphere through the Seasonal 
Cyde 

Temperature 

The relationship between air temperature and the 
number of daylight hours is a familiar seasonal 
change to people in mid and high latitudes. The 


Figure EA-I-14: Seasonal Cycle of Solar Radiation at 35 М and 35S 


air in the lowest layer of the atmosphere is 
warmed through its contact with Earth’ surface. 
During the summer (July in the northern hemi- 
sphere and January in the southern hemisphere), 
when the elevation of the sun is high, the more 
concentrated input of energy from the sun and 
the increase in daylight hours warm the surface 
which in turn warms the air. During the winter 
(January in the northern hemisphere and July in 
the southern hemisphere), when the amount of 
solar radiation is spread over more surface area 
because the elevation of the sun is low and there 
are fewer daylight hours, the sun warms the sur- 
face less, resulting in less heating of the air. Com- 
pare the distribution of solar radiation in January 
and July (Figure EA-I-7) with the temperature 
distribution in January and July (Figure EA-I-13) 
respectively. 


It takes time for Earth’s surface to warm and for 
the atmosphere to fully respond to these changes 
in surface warmth. The time when the solar ra- 
diation is the strongest outside the tropics is in 
June in the northern hemisphere and December 
in the southern hemisphere. See Figure EA-I-14. 
This is when the solstices occur. However, gen- 
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Precipitation 

At low latitudes, seasonal temperature Changes 
are not as dramatic as in middle and high i 
tudes, but there is usually a definite Seasonal 
change in precipitation Patterns. Equatorial Te- 
gions often experience “wet” and “dry” seasons, 


erally temperatures are warmest about two 
months later, in August in the northern hemi- 
sphere and February in the southern hemisphere. 
See Figure EA-I-15. This is due to the amount of 
time required to heat the upper layer of the oceans 
and the lower layer of the atmosphere. 


Figure EA-I-15: Seasonal cycle of maximum surface air temperature at Kingsburg High School in the United States 
(located at about 35 N) and Shepparton High School in Australia (located at about 35° S) 
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Figure EA-F 16: Seasonal cycle of precipitation through the year at Kingburg High School in California USA, Reynolds 
7 ih School in Pennsylvania USA, and Boa Amponsem Secondary School, Dunkwa, Ghana 
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The time of year at which these occur is depen- 
dent on many factors such as regional topogra- 
phy and proximity to large bodies of water. 


Other localities show seasonal patterns in precipi- 
tation as well. See Figure EA-I-16. Some regions 
receive no precipitation for months at a time. In 
other locations Precipitation is evenly distributed 
throughout the year. Some places have one rainy 
season and one dry season, while others have two 
of each during the year. The timing of rains within 
the year has a major effect on agriculture. Medi- 
terranean climates are characterized by winter 
rains while other Tegions experience only sum- 
mer rains. 


Water Vapor and Relative Humidity 


Since the saturation value for atmospheric water 
vapor is strongly influenced by temperature, both 
the absolute concentration of water vapor and the 
dew point temperature have a strong seasonal 


can be high even in the winter when the air is 
relatively cold, 


Clouds 


In the tropics, a band of low Pressure and cloudi- 

ness known as the Intertropical Convergence Zone 
` | (ITCZ) extends across the oceans. Global satellite 
~ imagery shows clouds that extend across oceanic 
regions, where thunderstorms are active. The av- 


are more often observed. Vigorous frontal Systems 
that occur during the Spring and summer months 


at mid latitudes can, ang often do, Cause lar 
thunderstorm clouds (cumulonimbus), Near de 
eastern coastlines, cooler Water can brin 
type clouds to the region year-round, 


Aerosols 


g Stratus 


Atmospheric Composition 


Atmospheric trace Баз concentrations also exhibit 
distinct seasonal cycles. The longest record of a 
trace gas measurement is for carbon dioxide (CO) 
and its seasonal cycle reflects the seasonality of 
forest growth. Lowest Concentrations occur in the 
northern hemisphere spring and summer as the 
biosphere uses CO, for photosynthesis, Concen- 
trations increase during northern hemisphere au- 
tumn and winter as CO, is no longer taken up by 
vegetation growth, and decay of leaves puts CO, 
back into the atmosphere. This cycle is dominated 
by the larger extent of terrestrial vegetation in the 
northern hemisphere. See Figure EA-I-18. 


Another important trace as is ozone, which ex- 
ists in the lower atmosphere as both a natural 
component, where its primary source is the strato- 
sphere, and asa pollutant, where it is formed asa 
result of emissions from combustion sources. At 
northern middle latitudes, surface ozone peaks 
in the summer when sunlight is most intense and 
photochemical reactions happen most quickly, 
converting hydrocarbons and nitrogen oxides into 
Ozone. At southern mid-latitudes, on the other 
hand, summer concentrations of surface ozone 
are lower because there are less emissions from 
combustion than in the Northern Hemisphere. 
In the tropics, surface ozone concentrations are 
generally highest in September and October be- 
Cause this is the time when widespread biomass 
burning occurs and gases from these fires gener- 
ate ozone through Photochemistry. Thus, the sea- 
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in parts per million by volume (PPMV) 


Figure EA-I-18: The seasonal variation of carbon dioxide (C 0) in the atmosphere from 1986 through 1988 measureg 


at Mauna Loa Hawaii 
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sonal cycle of surface ozone concentrations is af- 
fected by human activity and is quite variable de- 
pending on where observations are made. 


surface Water through the Seasonal 
cycle 

The physical and chemical characteristics of a 
body of water are influenced by the seasonal cycle 
through changes in solar radiation, precipitation, 
air temperature, wind patterns and snow and ice 
melting. Figure EA-I-19 shows how temperature 
and dissolved oxygen (DO) varies throughout the 
year. The saturation level of DO is inversely re- 
lated to temperature (i.e. as temperature increases 
the amount of DO that can be dissolved in water 
decreases). The observed pattern in any given wa- 
ter body depends on the amount of biological ac- 
tivity. 

Seasonal Turnover in Lakes 

Many lakes show seasonal patterns of vertical 
mixing. Lakes in either warm temperate or cold 
temperate zones show one mixing event (or turn- 
over) in the year. In other temperate regions that 
bridge temperatures of cold and warm temperate 
zones or at high elevations in subtropical regions, 
there are two turnovers. The spring turnover oc- 
curs after ice melts. Ice floats because it is less 
dense than water, which is most dense at 4°C. As 
water warms to near 4°C, the surface water may 
become more dense than bottom water and sink. 
Relatively little wind energy is required to mix 
the whole lake (spring turnover). As spring 
progresses, the top layers of the lake become 
warmer and thus less dense. The colder, more 
dense water remains on the bottom, and a zone 
of rapid temperature change occurs between the 
warmer layer on the top and the colder layer on 
the bottom. This is known as thermal stratifica- 
tion. In the fall, with less solar radiation reaching 
the water and greater heat loss from the surface 
at night, the temperature stratification breaks 
down, Eventually the mixed layer extends down- 
ward, until the temperature and density differ- 
ences between the mixed and bottom water 
become so slight that a strong wind in autumn 
Can overcome any resistance to mixing and the 
lake undergoes a turnover. 


Plant Growth in Lakes, Estuaries, and Oceans 


Seasonal changes in water temperature, sunlight, 


and nutrient availability affect plant life in water 
bodies. 


Nutrients tend to fall through the water column, 
and vertical mixing usually returns nutrients to 
near the surface and may promote rapid growth 
in phytoplankton. Increases in plant growth trig- 
ger changes in the entire food chain and can re- 
sult in increased animal growth and reproduction, 
as well as increased bacterial decomposition. In 
temperate areas, increases in water temperature 
and sunlight availability in the spring combine 
with seasonal increases in nutrients mixed up from 
deeper water to promote rapid growth. In tropi- 
cal areas, where sunlight amount and tempera- 
ture change little throughout the year, changes in 
wind patterns can result in vertical mixing in 
oceans, seas and large lakes. 


Most of the plant production takes place in sur- 
face and near surface waters where light is avail- 
able for photosynthesis. During the summer 
months there is little vertical mixing in some lakes 
and estuaries. Organic matter falls from the sur- 
face to deeper waters and is eaten by animals or 
decomposed by bacteria. These organisms require 
oxygen. Respiration, lack of vertical mixing and 
warm temperatures can lead to low oxygen lev- 
els. In some places the summer can become a criti- 
cal period for fish and other creatures that live in 
bottom waters. 


Streams and Rivers 

Streams and rivers can show seasonal changes in 
the amount and composition of water resulting 
from changes in precipitation, evaporation, snow- 
melt, and run-off. How these factors affect the 
biota are areas of active research. Soluble chemi- 
cals which have accumulated in the winter snow 
pack tend to be concentrated in the first melt water 
and can cause rapid changes (usually decreases) 
in the pH of streams. The first big rain storm fol- 
lowing a prolonged dry period also washes chemi- 
cals that have accumulated on roads and other 
land surfaces into water bodies. The volume of 
water flowing in a stream or river often affects its 
water quality. Low flow conditions can permit the 
buildup of nitrates or the depletion of dissolved 
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from January 1, 2000 to January 1, 2002. 


Figure EA-I-20: Seasonal cycle of the 5 cm soil temperature at Vang barne-og ungdomsskule in Valdres, Norway 
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amounts of debris into Waterways and can reshape 
the entire flood plain of a river or Stream while 
transporting soil particles to new locations. 


Soil through the Seasonal Cycle 
Soil Temperature 
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Soil Temperature (MAST) which stays relatively 
Constant from year to year. This temperature cycle 
in soils is important in that it has a strong effect 
on phenology, influencing when plants will "green 
up” in the spring, or “die back” in the fall. It also 
affects the insulation needed for pipes that are 
buried in the soil to prevent freezing in the win- 
ter, and is used to control temperatures in base- 
ments and storage areas which are below ground. 


Soil Moisture 


Another characteristic of soil that changes through 
the seasonal cycle is the soil moisture. The main 
source of soil moisture is precipitation. The sea- 
sonal variation in soil moisture is controlled by 
seasonal variations in precipitation and snow melt 
and by the effect of seasonal variations in tem- 
perature on evaporation. See Figure EA-I-21. For 
example, if the rainy season occurs during the 
winter, the soil water content will be high, while 
the summer will be a time of increasing tempera- 
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ture leading to higher evaporation and dryer con- 


ditions in the soil. 


pecomposition 

The decomposition of organic material is also af- 
fected by seasonal changes. The microorganisms 
that perform the decomposition process require 
moisture and heat in order to thrive. Thus, the 
rate of decomposition of organic material is de- 
pendent on the soil temperature and moisture. 
All of these vary through the seasonal cycle, and 
so there is a seasonal cycle in the rate of decom- 
position of organic material. This seasonal cycle 
may not be as simple as that exhibited by tem- 
perature and moisture. This is because the soil 
microorganisms may die or become inactive when 
conditions are too hot, too cold, too dry, or com- 
pletely saturated. In general, the more decompo- 
sition, the more CO, and N,O are produced and 
exchanged into the atmosphere. 


Land Cover and Phenology through the 
Seasonal Cycle 


Phenology is the study of living organisms’ response 
to seasonal and climatic changes in the environ- 
ment in which they live. The GLOBE measure- 
ments in the Phenology protocols (this chapter) 
focus on plant phenology. Seasonal changes in- 
clude variations in day length or duration of sun- 
light, precipitation, temperature, and other 
life-controlling factors. The plant growing season 
is the period between green-up and green-down 
(senescence). See Figure EA-I-22. Green-up and 
senescence can be used to examine regional and 


global vegetation patterns, interannual variation, 
and vegetation responses to climate change. A 
change in the period between green-up and se- 
nescence may be an indication of global climate 
change. 


Plant green-up is initiated when dormancy (a state 
of suspended growth and metabolism) is broken 
by environmental conditions such as longer hours 
of sunlight and higher temperatures in temper- 
ate regions, or rains and cooler temperatures in 
desert areas. As plants begin green-up, leaf chlo- 
rophyll absorbs sunlight for photosynthesis. Pho- 
tosynthesis fixes carbon dioxide from the 
atmosphere. 


With the start of green-up, plants also begin to 
transpire water from the soil to the atmosphere. 
This affects atmospheric temperature, humidity, 
and soil moisture. During green-down, through 
leaf fall, plants reduce water loss when water sup- 
ply is greatly limited during winters for temper- 
ate plants, and during dry spells for desert plants. 


Monitoring the length of the growing season is 
important for society because the length of the 
growing season has a direct effect on food and 
fiber production and thus on society’ ability to 
support itself. Therefore, in investigating this sea- 
sonal variation, GLOBE schools are providing 
information to scientists so that they can better 
understand the Earth system and how it responds 
to various influences and to society so that it can 
be better prepared to adapt to variations in the 
length of the growing season. 


Figure EA-I-22: The length of the growing season defines what kind of plants can grow at a particular location. 
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The Earth System on 
Different Spatial Scales 


The Earth as a System at the Local Scale 
Components 


Each of the GLOBE investigations requires stu- 
dents to choose a study site or a set of sample 
sites where they will take their measurements. At 
each of these sites many of the components of the 
Earth system investigated by GLOBE students are 
Present. At the hydrology study site, for example, 
air, soil and a body of water are all present. Ter- 
restrial vegetation is often present as well, and for 
a number of sites, snow or ice — elements of the 
cryosphere — are present at least some of the year. 
Figure ЕА-1-23 is a photograph of the hydrology 
study site at Reynolds Jr. Sr. High School in 
Greenville, Pennsylvania, USA where students can 
identify each of these components and can exam- 
ine where interactions between the components 
take place. 


Some examples of these interactions are: 


* Evaporation and exchange of heat between 
air and water. 

* Exchanges of water and gases between the 
air and vegetation. 

* Exchanges of water and nutrients between 
soil and the root Systems of grasses and 
trees, 

* Evaporation and exchange of heat and 
gases between air and soil. 

* Exchanges of water, chemicals, and 
sediments between soil and water at the 
sides and bottom of a water body. 

* All of the Earth System components are 
exposed to the sunlight. This exposure to 
sunlight affects the temperatures of the 
various components, the photosynthesis in 
plants, rates of decomposition in soils, and 
chemical cycles. 


Cydes: Energy, Hydrologic, ang 
Biogeochemical 

The exchanges among the air, Water, soi]. anq ter- 
restrial vegetation are parts of the energy cycle 


how energy and water are cycling through this 
site (Reynolds Jr. Sr. High School) and discuss 
pH, which influences the biogeochemical cycles, 


Sunlight strikes the surface of the river as well as 
the trees, grass, and pavement on the bank, Some 
of the energy in the sunlight heats the water and 
the land surface, raising the temperature of the 
surface soil and water. The remaining energy is 
reflected back up into the atmosphere. Depend- 
ing on the cloud cover, some of this energy may 
be reflected again toward the surface, Water from 
the river and the soil evaporates, cooling the sur- 
face and taking energy into the atmosphere. When 
the temperature of the air is lower than that of 
the surface, the air is warmed through contact 
with the land and water. When the reverse is true, 
the land and water are warmed through contact 
with the air. As the soil warms, energy is stored 
in it. As the river flows, it carries away any energy 
stored through the warming of the water. Simi- 
larly, the air brings energy with it or carries en- 
ergy away. Precipitation may be warmer or colder 
than the surface, and the exchange of energy be- 
tween the rain or snow and the surface will also 
provide heating or cooling. 


GLOBE measurements allow you to track some 
of the flow and storage of energy. The key mea- 
surements are those of the air, surface water, and 
soil temperatures. With these you can calculate 
the direct energy exchange between the atmo- 
sphere and the surface. Temperature, soil mois- 
ture, and relative humidity measurements enable 
the calculation of evaporation rates from the land 
and water surfaces. You can compare the amount 
of energy lost from the surface through evapora- 
tion to the direct heat exchange with the atmo- 
Sphere and determine at what times one is more 
significant than the other. 


In the hydr ologic cycle, water is exchanged among 
the air, river, soil, and land vegetation. Precipita- 
tion forms in the atmosphere and then falls onto 
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ЕА-1-23: Photograph of the hydrology study site at Reynolds Jr. S, i 
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the surface — the water, soil, plants, and pave- 
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cies, and these discharge data can be obtained 
from public databases. Storage of water in the soil 
can be calculated by measuring soil porosity and 
soil moisture. Evaporation rates can be calculated 
by measuring relative humidity and air and sur- 
face temperatures. You can see how the soil mois- 
ture responds to precipitation and to dry periods 
as well. You can study whether the river level is 
influenced by local inputs or primarily controlled 
by what happens upstream. 


The chemical composition of the precipitation can 
alter the composition of the river water and of 
the soil, and affect plant and animal life. It can 
also impact the rate of decomposition of organic 
material in the soil and of rocks and minerals in 
the river bed. The pH of precipitation is deter- 
mined by the gases and particles which dissolve 
in rain drops and snow flakes. Carbon dioxide in 
the air tends to give precipitation a pH of about 
5.6, while other constituents move this figure up 
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or down. Most combustion-related gases lower 
PH, while alkaline airborne soil particles raise pH. 
Chemistry is happening in the soil and the river 
Water as well. If the alkalinity of either is high, 
the pH will not respond significantly to the dif- 
ferent pH of precipitation, but if it is low, the pH 
Will change. Over time, the pH of the soil may 
change due to the cumulative effects of precipita- 
tion. Ultimately the PH of the river reflects the 
pH of the surrounding soil, of precipitation, and 
of the water upstream. 


GLOBE measurements of the pH of the precipi- 
tation, soil horizons, and surface water, and the 
alkalinity of the surface water enable you to ex- 
amine the question of how the river pH responds 
to precipitation events and floods. Over time, a 
school’ dataset may show changes in soil PH. pH 
variations through the soil profile may also illus- 
trate how pH is changing. 


Biogeochemical cycles also promote exchanges 
between the different components of the Earth 
system. Examples of these exchanges include: 


Exchanges between air and water: 

* transfer of oxygen, carbon dioxide, 
nitrogen, water vapor (through 
evaporation) and other gases 

Exchanges between water and soil: 

* Storage of water in the soi] 

* percolation of water through soil into the 
water bodies or ground water carrying 
chemicals and Particles 

* runoff processes, 

Exchanges between the soil and land cover: 

* use of water stored in soil by the roots of 
the land cover 

* use of nutrients stored in soil 

* substrate for plants 

* heat storage for plants and 
microorganisms 

* air spaces for exchange of oxygen and 
carbon dioxide during respiration and 
photosynthesis 

Exchanges between air and land cover: 

* evapotranspiration process. 

Exchanges between air and soil: 

* precipitation and evaporation processes 

* heat and energy transfer 

* exchanges of gases produced in the 
process of decomposition of organic 
material and microbial respiration. 

The rates of the exchanges of chemicals between 
the different components of the Earth system de- 
pend on a number of factors. These factors in- 
clude the type of chemical reactions occurring 
within the different components, the temperature 
of the components, the concentrations of the vari- 
ous gases in each of the components and the 
motion of the components at the interface which 
Promotes exchange. 
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Earth as a System at the Regional Scale 
The processes that allow the components of the 
Earth system to interact оп а local scale, such as a 
hydrology study site, may also act at the regional 
scale. See Figure EA-1-24. 


What Defines a Region? 

The regional scale is larger than the local scale and 
is generally characterized by some common fea- 
ture or features that differentiate it from neigh- 
boring regions. Regions can be defined in different 
ways. They can have natural boundaries, human- 
made boundaries, or political/social boundaries. 
Some examples of regions are: 


Natural 
* a watershed 


* a mountain range 
* ariver basin 

* a desert 

* a plain 

* a peninsula 


Human-made boundaries 
* a watershed in which a boundary is a 
dam 
* anarea larger than a local study site 
bounded by highways, railroads, and 
bridges 
* anatural area surrounded by populated 
regions or a populated region surrounded 
by a natural area 
* a park or game preserve 
Political/social boundaries 
* astate or province 
* acountry 
Many of the processes that cause the interactions 
between the different components of the Earth 
system at the regional scale are the same as those 
at the local scale. However, to quantify the mag- 
nitude of the processes, measurements generally 
must be taken at numerous locations through- 
out the region. For example, if one wants to study 
the urban heat island effect, temperature mea- 


Figure EA-I-24: Diagram of Earth System at the Regional Scale Indicating 
Interactions Among the Different Components 
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Surements are required within the urban area as 
well as in the surrounding countryside. Further- 
more, temperatures will differ between areas with 
lawns, plants, and trees, and those which are al- 
most completely covered by buildings and pave- 
ment; what is observed in an area that is primarily 
residential may differ from that in a commercial 
or industrial area. So in order to get a better rep- 
resentation of the entire urban area, measure- 
ments from multiple sites are needed from 
different sections within the urban environment. 


Likewise, suppose you want to develop a hydro- 
logic model for a watershed of a river that flows 
into an estuary along the coast and the only 
GLOBE schools in the watershed are near the 
mouth of the river (where it enters the estuary). 
Using only these data for the entire watershed 
may lead to inaccuracies because temperature, 
precipitation, soil types and textures, and land 
Cover, among other things, may differ greatly 
throughout the watershed. Measurements must 
Cover more of the watershed to give an accurate 
model. The lack of Spatial coverage for many data 
isa problem scientists frequently face. Sometimes 
a gross approximation is the best that a scientist 
can do with limited data. Hence, the more GLOBE 
Schools taking data, the better! 


Inputs and Outputs 


In order to understand the Earth system at the 
regional scale you must consider the inputs and 
outputs to the region, in addition to the interac- 
tions among the components within the region. 
See Figure EA-1-25 The region may be somewhat 


forest or grassland, or moisture evaporated from 
lakes or rivers. The impact of these 
tics on your region must be Considered, Likewise 
what leaves your Tegion in the atmosphere will 
influence other regions. As the atmosphere Moves 


can be seen on satellite cloud images and the dust 
is blown all the way across the Atlantic Ocean, 


GLOBE schools across a region can cooperate to 
gain a comprehensive picture of the energy and 
water cycles within the region and to trace some 
parts of the biogeochemical Cycles. In a water- 
shed, the characteristics measured in the surface 
water of streams, lakes, and rivers can be mea- 
sured at a variety of sites, These characteristics 
are strongly influenced by the microclimate of the 
region which is quantified by measurements of 
air temperature and precipitation, the soil char- 
acter which may vary across the watershed and 
need to be measured in a number of places, and 
the land cover. Schools may combine their Landsat 
images to gain a complete satellite picture of the 
region and this can become the basis for a com- 
prehensive regional land cover map. The dynam- 
ics of the watershed can be studied using GLOBE 
measurements of specific weather events, soil 
moisture and infiltration rates, and whatever data 
are available on the flow rates of the streams and 
rivers. 


Earth as a System at the Continental/ 
Global Scale 

The learning activities in this chapter that are 
designed to help your students understand the 
largest spatial scales of the Farth system focus on 
the continental scale. This is the largest practical 
scale for meaningful examination of GLOBE data, 
although it could be considered the largest re- 
gional scale. The global scale encompasses the 


GLOBE* 2003 


Introduction - 32 


Earth System Science 


Figure EA-I-25: Photograph of the Earth System on the Regional Scale with Inputs and Outputs 
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whole Earth, all of the atmosphere, hydrosphere, 

edosphere, cryosphere, and biosphere. If one 
includes the interior of the planet as well, at this 
scale, Earth is an almost closed system - one in 
which almost no matter enters or leaves. Note: 
An isolated system is one in which no energy or 
matter enters or leaves. See Figure EA-1-26. In 
fact, the Earth system is closed except for the in- 
put of energy from the sun, the balancing loss of 
energy to space, the extremely small loss of hy- 
drogen from the top of the atmosphere, and the 
continuous input of gases, dust, and meteorites 
from space, and the few satellites which we have 
sent beyond Earth’ orbit. Studies of Earth system 
science also treat the inputs of gases, energy, dust, 
and lava from Earth's interior and the recycling of 
material into the crust and upper mantle as exter- 
nal inputs to and outputs from an almost closed 
system. These exchanges with the interior of the 
planet tend either to happen on long time scales 
of tens of thousands to millions of years (geologic 
time) or to happen almost instantaneously and 
unpredictably. These latter phenomena, particu- 
larly large volcanic eruptions, play havoc with 
short-term climate predictions. 


Figure EA-I-26: Diagram of the Earth as an Almost 
Closed System 
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How Do the Local, Regional, and Global 
Scales Interact? 


Within the global Earth system the local and re- 
gional scales all contribute to how each of the 
components (the atmosphere, open waters, 
cryosphere, soil and terrestrial vegetation) inter- 
act with each other as a whole at the global scale. 
These interactions occur on many different time 
scales – the characteristic times over which pro- 
cesses or events occur. 


All of the GLOBE measurements are taken at the 
local scale but they sample phenomena with vari- 
ous time scales. The maximum and minimum air 
temperatures address the daily time scale, while 
tree height and circumference indicate growth 
over an annual cycle, and characterization of a 
soil profile may document the results of thousands 
of years. Most of the learning activities also in- 
volve the local scale and shorter time scales. How- 
ever, some of the learning activities, such as those 
in this chapter, broaden your perspective to the 
regional and global scales to help you understand 
how local scale environments fit into the regional 
and global scale contexts. These large scales in- 
volve changes over long and short periods. Today 
GLOBE measurements only cover a few years and 
primarily contribute to studies of current pro- 
cesses and phenomena. Eventually, as the GLOBE 
database extends further in time, the measure- 
ments will contribute to scientific studies on 
longer time scales of decades to centuries where 
there are currently major concerns about global 
climate change. 


The following sections describe the various com- 
ponents of the Earth system in the context of the 
global scale. Understanding these largest spatial- 
scale processes will help you more fully under- 
stand the context for your local study sites, and 
how the Earth system connects us all. 


The Earth System Components at the Global 
Scale: The Atmosphere (Air) 

The atmosphere is the gaseous envelope of the 
Earth. The local properties of the lower atmo- 
sphere vary on time scales of minutes to seasons 
and years. Winds change speed and direction, 
clouds form and dissipate, precipitation falls, 
humidity comes and goes, some trace gases such 
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as ozone build up and then go away, and air tem- 
perature rises and falls. These local variations are 
caused by the daily and annual cycles in sunlight 
and some shifts in ocean circulation such as the 
El Nifio/Southern Oscillation. The overall struc- 
ture and composition of the atmosphere and the 
climate change more slowly, on time scales rang- 
ing from a decade to millions of years. 


As illustrated in Figure EA-I-6. the tropics receive 
more energy from the sun per unit of surface area 
than the temperate or polar zones. In fact, even 
though the warmer tropics radiate more heat to 
space than high latitude regions, the tropics re- 
ceive more energy from the sun than they radiate 
away! Where does this excess energy go? The cir- 
culation of the atmosphere and the oceans car- 
ries this energy, in the form of heat, to higher 
latitudes, 


If we consider the average north-south motion of 
the atmosphere, warm air from near the equator 
rises and moves toward the poles. At roughly 30* 
latitude, the air cools, falls, and moves equator- 
ward near the surface. A similar pattern exists in 
the polar zones, with air rising at roughly 60° lati- 
tude and falling at the poles. The tropical and 
polar zones bracket the temperate zones and drive 
their circulation Patterns. As a result, the air in 
temperate zones moves poleward at low altitudes, 
rises at roughly 60°, returns €quatorward aloft and 
falls at roughly 30°. The interaction of warm and 
cold air masses between 30° and 60° latitude pro- 
duces the succession of low (storm) and high (fair 


Figure EAT27 General Atmospheric Circulation Patterns 
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The Earth System Components qt the Global 
Scale: The Hydrosphere (Bodies of Water) 


The hydrosphere encompasses all the bodies of 
water on Earth including groundwater, At the glo- 
bal scale, it is the oceans and the larger seas that 
are important. The time scales on Which the 
Oceans vary range from a month Near the surface 
to over a thousand years for deep ocean circula. 
tion. 


The ocean receives energy from sunlight trans. 
mitted through the atmosphere, The albedo 
(reflectivity) of the oceans is relatively low, about 
0.1, which means that 9096 of the Solar radiation 
falling on the ocean surface is absorbed. The 
oceans also exchange long wave (thermal infra. 
red) radiation with the atmosphere, 


Ocean Circulation 

Circulation within the oceans occurs through two 
basic processes, The first is the horizontal circu- 
lation of the upper ocean that is driven by forces 
induced by surface winds. This surface circula- 
tion is coupled to deep ocean circulation (ther- 
mohaline) that is driven by differences in the 
density of seawater due to changes in tempera- 
ture and salinity. During winter in the polar re- 
gions, the ocean surface cools and sea ice forms, 
As the water freezes, most of the salt is left dis- 
solved in the liquid water. This increase in salin- 
ity, particularly in the north Atlantic, causes the 
surface water to become dense enough to sink 
and to become bottom water. This bottom water 
flows toward the equator and eventually returns 
to the surface. Scientists call this global circula- 
tion of ocean waters a conveyor belt which со 
nects the surface and deep waters of the Atlantic, 
Pacific, and Indian Oceans. See Figure EA-I-28. 
e 


The ocean surface is in direct contact with t 
atmosphere. Large exchanges of aerosols and gases 
take place at this boundary. Gases that are тоге 
abundant in the atmosphere, such as carbon di- 
oxide, are taken up in the ocean water while gases 
formed in the Oceans, such as methyl bromide, 
are released into the air and are the largest natu- 
ral sources of some atmospheric trace gases. These 
Processes happen much faster than the thermo- 
haline circulation of the oceans. Todays surface 
Seawater is in equilibrium with the present com- 
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position of the atmosphere, but gases dissolved 
in bottom water reflect atmospheric conditions 
from roughly 1500 years ago. Through this 
gradual overturning of ocean water, gases, such 
as carbon dioxide, whose atmospheric concen- 
tration have increased over the last 1500 years, 
are gradually taken up by the ocean, lessening 
their abundance in the air. 


Biological Activity 

Biological activity is also affected by circulation 
patterns around the globe. There are areas, for 
instance, where upwelling occurs. Upwelling is the 
process by which deep, cold, nutrient-rich wa- 
ters rise to the surface. Phytoplankton, microscopic 
plants floating in the water, form the base of the 
ocean food chain, and their abundance limits the 
populations of most other ocean creatures. Where 
ocean surface waters lack nutrients, growth and 
reproduction of phytoplankton are limited. Ar- 
eas where upwelling occurs are generally nutri- 
ent-rich and highly productive and have large 
commercial fisheries, 


Biological activity in the oceans plays a major role 
in the global carbon cycle. Phytoplankton in near 
surface waters take up carbon through photosyn- 
thesis. Some dead organic matter such as shells 
of microscopic organisms or fecal pellets from 
animals fall through the water column to the ocean 
bottom and become buried in sediments. Here in 
the deep ocean, the carbon in the organic matter 
is essentially removed from the atmosphere. 


The Earth System Components at the Global 
Scale: The Cryosphere (Ice) 

The Role of the Cryosphere in Energy 
Transfer 

The cryosphere is the solid water component of 
the Earth system. The two main forms of ice are 
sea ice and continental ice. Either can be covered 
with snow. Ice has an albedo (reflectivity) that 
ranges from about 0.5 to 0.8. This is generally 
higher than what’ underneath it. The albedo of 
newly fallen snow ranges even higher, up to 0.9. 
So, where covered by ice, Earth’ surface reflects 
more than half the solar radiation falling on it back 
to space. Ice and snow also insulate Earth's sur- 
face, cutting off evaporation which removes a 
major source of heat to the atmosphere above. 


Sea Ice 

Sea ice is frozen seawater. If the water is salty, asi 
is in the ocean and the seas, during the freezin 
process the salt is left in the water, making the 
water saltier and denser, and the sea ice less sally, 
Sea ice floats on the ocean/sea surface and ranges 
from thin frazzle ice which has just formed and 
barely coats the surface, to thick ice, which has 
lasted through many years and may be up to 10 
m thick. However the average ice thickness is3 
meters in the Arctic and 1.5 meters around Ant- 
arctica. Under the stress of wind and Ocean cur- 
rents, sea ice cracks and moves around. The cracks 
expose areas of relatively warm ocean water to 
the cold atmosphere during winter. In winter, this 
permits а large exchange of energy from high lati- 
tude oceans where the water temperature is jus 
about freezing to the atmosphere where air tem- 
peratures are well below zero. 


Sea ice has a large seasonal cycle and changes on 
time scales of a few weeks to a few months. The 
magnitude of these seasonal changes is very sen- 
sitive to climate conditions in the atmosphere and 
oceans, extending the time scales associated with 
sea ice variations from months to tens of thou- 
sands of years-the time scale for ice ages. 


Land Ice 

Continental ice includes ice sheets such as those 
in Antarctica (up to 4 km thick) and Greenland 
(up to 3 km thick), and valley glaciers (generally 
10-100 m thick). Most of the fresh water on Earth 
is frozen in these ice sheets. Continental ice is 
formed from snow accumulating at the surface 
and compressing over time into ice. This process 
is very slow compared to the changes in sea ice. 
Ice sheets change on time scales ranging from 
months (for rapidly moving valley glaciers) to tens 
of thousands of years. These longer changes ate 
associated with ice ages. 


Even when frozen, water still flows from the 
mountains to the oceans. When snow falls in win* 
ter, melts in the spring, trickles into a mountain 
brook, flows into a stream and then a river, and 
finally into the ocean, the waters journey is com- 
pleted in a year or less. When the snow falls опа 
glacier, the journey becomes much longer an 

lasts for many years. The deep layers of the 


GLOBE"2003 a sen yen Sonet 


Introduction - 38 


Greenland ice sheet which have been sampled 
with ice cores record conditions when snow fell 
over 250,000 years ago and are a major source of 
information about longer-term changes in climate. 


The Earth System Components at the Global 
scale: The Pedosphere (Soil) 

The pedosphere is the portion of Earths land sur- 
face covered by layers of organic matter and of 
weathered rocks and minerals which are less than 
2.0 mm in size together with the organisms that 
live in these layers. The surface temperature of 
the pedosphere responds quickly to the daily and 
seasonal cycles in air temperature, changing on 
time scales ranging from hours to months. The 
albedo of bare soil averages about 0.3, meaning 
that 70% of the solar radiation falling on it is ab- 
sorbed. However, there are many different soil 
types, so this number varies from place to place 
and from season to season. The land surface is 
often covered by vegetation which intercepts the 
sunlight before it reaches the soil. 


Just like the atmosphere and the ocean, there are 
movements within the pedosphere and lithos- 
phere that act to redistribute the energy received 
from the sun. Conduction, convection, and ra- 
diation processes all operate within the soil to 
redistribute energy within the soil profile. The rate 
and amount of distribution depends on soil prop- 
erties such as the particle size distribution, bulk 
density, water content, and organic matter con- 
tent. 


The pedosphere forms as a result of the interac- 
tion of the five soil forming factors: parent mate- 
rial (the mineral or formerly living material from 
Which the soil is derived), climate (both macro- 
and micro-climate), topography (including slope, 
Position, and aspect), biota (plants, animals in- 
cluding humans, and all other organisms), and 
the amount of time for which each of the other 
factors has interacted. Four major processes oc- 
cur In response to the soil forming factors: addi- 
tions, losses, transfers, and transformations. The 
Processes of addition include inputs such as heat 
and energy, water, nutrients, organic matter, or 
deposits of materials. Losses of energy and heat, 
Water, nutrients from plant uptake or leaching, 
and erosion of soil material also take place. Trans- 


fers occur when materials within the soil, such as 
water, clay, iron, plant nutrients, or organic mat- 
ter are moved from one horizon to another. Lastly, 
transformations include the change of soil con- 
stituents from one form to another within the soil, 
such as liquid water to ice, large particles to smaller 
particles, organic matter to humus, and oxidized 
iron to reduced iron. Each of the five factors and 
the corresponding four processes produce a lo- 
calized soil profile with specific characteristics and 
horizon attributes. 


Under well drained conditions, when respiration 
of organisms and roots in the soil is at its opti- 
mum, a great deal of CO, is produced. The per- 
centage of CO, in the soil can be 10 to over 100 
times greater than in the atmosphere above the 
soil. This soil CO, becomes a source to the atmo- 
sphere as it diffuses upward to the surface, or is 
released when the soil is disturbed from plowing 
or other turnover processes. Respiration is only 
one source of soil CO, to the atmosphere. Soil 
organic matter decomposition provides another 
very large pool of CO, and CH, to the atmosphere. 


Nitrogen is the most abundant element in the at- 
mosphere, yet it is not in a form that is available 
to plants, and is often the most limiting nutrient 
for plant growth. Soil organisms and certain pro- 
cesses help to convert atmospheric N, into a form 
plants can use. These forms are nitrate (NO,) or 
ammonium (NH,). Other organisms convert or- 
ganic forms of nitrogen from plant and animal 
remains into plant-usable forms. Nitrogen can also 
be removed from the soil and become a source of 
nitrogen to the atmosphere and to ground or sur- 


face water. 


The Earth System Components at the Global 
Scale: Terrestrial Vegetation (land plants) 


Land plants connect the soil and atmosphere. In- 
dividual plants form this connection on time scales 
ranging from a few weeks to over 1000 years. 
However, land vegetation collectively affects the 
Earth system on time scales of seasons to thou- 
sands of years and longer. As land plants grow 
they reshape the environment around them. They 
shade the surface, block the wind, intercept pre- 
ter from the ground into the 


cipitation, pump wa | 
s from soil and some trace 


air, remove nutrient: 
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gases from air, hold soil against erosion, and lit- 
ter the ground with leaves and twigs which even- 
tually increase the organic content of the soil. In 
these ways, terrestrial vegetation plays a signifi- 
cant role in the energy, water, and biogeochemi- 
cal cycles. The expansion and growth of forests 
in particular removes carbon dioxide from the 
atmosphere in significant amounts. 


Educational Objectives 


Students participating in the activities presented 
in this chapter should gain scientific inquiry abili- 
ties and understanding of a number of scientific 
concepts. These abilities include the use of a va- 
riety of specific instruments and techniques to 
take measurements and analyze the resulting data 
along with general approaches to inquiry. The 
Scientific Inquiry Abilities listed in the grey box 
are based on the assumption that the teacher has 
completed the protocol including the Loohing At 
the Data section. If this section is not used, not all 
of the Inquiry Abilities Will be covered. The Sci- 
ence Concepts included are outlined in the United 
States National Science Education Standards as 
recommended by the US National Research Coun- 
cil and include those for Earth and Space Science 
and Physical Science. The Geography Concepts 
are taken from the National Geography Standards 
Education Standards 
ent Concepts specific 
ments have been in- 
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Budburst Protocol 


Students will select trees at a Land Cover Sample Site or Phenology 
Site and observe budburst. 


Green-Up Protocol 
Students will monitor the budburst and growth of leaves of 
selected trees, shrubs or gasses. 


Green-Down Protocol 
Students will use a GLOBE Plant Color Guide to monitor the change 
in color of selected leaves of trees, shrubs or grasses. 


Ruby-throated Hummingbird (RTHU) Protocol** 

Students will observe the arrival and departure of Ruby-throated 
Hummingbirds, monitor hummingbird visits to flowers and 
feeders, and observe nesting behavior. 


Lilac Phenology Protocol* 
Students record the five pheno phases of either common or clonal 
lilac plants. 


Phenological Gardens Protocol** 
Students plant a garden and observe the flowering and leaf 
development stages of specified plants throughout the year. 


Seaweed Reproduction Phenology Protocol" 
Students collect specified seaweed species and observe the 
reproductive phenological phases of the seaweed. 


Arctic Bird Migration Monitoring Protocol* 
Over the year, students observe when specified migratory bird 
species first arrive and count their numbers until few or none 
of them remain. 


* See the full e-guide version of the Teacher's Guide available on the GLOBE 


Web site and CD-ROM. 
** Separate print version available on request to schools in the areas where 


lated material are 
the protocol may be conducted. The protocol and re e 
also available in the e-guide version of the Teacher's Guide available on 


the GLOBE Web site and CD-ROM. 
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The Big Picture 


Phenology is the study of living Organisms 
response to seasonal and climatic changes in their 


Why Study Phenology? 


Each year, as conditions for plant growth improve, 
a wave of green spreads over the land surface 
(green-up) and then Tetreats as conditions for 
plant growth decline (green-down). These waves 
are important because they are directly related to 
global carbon fixation and the amount of carbon 
dioxide (CO,) in the atmosphere. The period 
between Breen-up and green-down or senescence 
is known as the growing season, and changes in 
the length of the Browing season may be an 
indication of global climate change. For example, 
some scientists recently found that the growing 
season has increased in northern latitudes by eight 
days since the early 1980s. However, their 
conclusion is controversial because it was based 
only on satellite data. On-the-ground Observations 
of plant Breen-up and green-down are needed to 
validate these types of satellite estimates, 


in day length or duration of sunlight 
precipitation, temperature and other life. 


down. The plant Browing season generally 
corresponds to the period between Breen-up and 
green-down. Green-up and Breen-down can be 
used to examine regional and global vegetation 
patterns, year-to-year trends, and vegetation 
responses to climate change. 


Plant Breen-up is initiated when dormancy (a state 
of suspended growth and metabolism), is broken 
by environmental conditions such as longer hours 
of sunlight and higher temperatures in temperate 
regions, and rains and cooler temperatures in 
deserts and semi-arid areas. As plants begin green- 
up, leaf chlorophyll absorbs sunlight for 
photosynthesis, Photosynthesis fixes carbon 
dioxide from the atmosphere, using the carbon 
atoms to form plant tissue. To help in developing 
computer models of atmospheric carbon dioxide, 
Scientists need accurate information about the 
timing and duration of global greenness (when 
Photosynthesis is actively going on during 
daylight). This is especially important because the 
length of the plant growing season seems to have 
increased dramatically in some parts of the globe. 
Monitoring the length of the growing season is 
important for detecting climate change and for 
understanding the carbon cycle — one of the key 
biogeochemical cycles discussed in the 
introduction. 


Properties that affect the greenness values that 
satellites detect. Other Problems such as low sun 
angles at high latitudes, change of sun angle with 
seasons, poor viewing geometry, and aging of 
satellite detectors can affect scientists estimates 
of greenness as well. GLOBE student observations 
are the only global network of ground-based plant 
phenology observations and will help scientists 
validate their estimates of global growing season 
changes that they derive using satellite data, 


As plants photosynthesize, they also transpire 
water from the soil, through the roots and plant 
Stems, and out the leaves into the atmosphere. 
This affects atmospheric temperature and 
humidity, and soil moisture. With green-down, 
plant transpiration of water decreases; plants 
teduce water loss when their water supply is 
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greatly limited during winters for deciduous plants 
and during dry spells for desert plants. Therefore, 
knowing the timing of green-up and green-down 
is important for understanding the global water 
cycle. Scientists also use greenness estimates from 
satellites to map wild fire danger. High greenness 
areas represent lower wildfire danger, while low 
greenness areas represent higher wildfire danger. 
Scientists studying migrations of animals such as 
caribou use greenness maps to help them 
understand animal population migration patterns. 


As discussed in the Land Cover/Biology 
Investigation, healthy green plants reflect much 
more near-infrared sunlight than visible light. 
Remote sensing scientists use visible and near- 
infrared reflectance estimates from satellites to 
derive a greenness index. New and better satellite 
data are now available from the MODIS (Moderate 
Resolution Imaging Spectrometer) instrument on 
board NASA's Terra satellite launched in December 
1999. This satellite is part of a coordinated 
international effort to use many satellites and 
instruments to study the global environment. 
However, scientists will need GLOBE student 


Measurement Logistics 


GLOBE supports three plant phenology protocols: 
Budburst, Green-up, and Green-down. The 
Budburst and Green-up Protocols are related but are 
designed for different situations. Green-up and 
Green-down have the same site requirements. The 
Budburst Protocol is more appropriate if one or 
more of following conditions is met. 


1. Students cannot reach the buds on the 
trees to measure the lengths of the leaves 
with a ruler as is required for Green-up. 

- Your school will be on summer vacation 

before the full sequence of Green-up is 

complete. This can occur for schools 
located in very cold climates where spring 
growth begins late in the year. (If time 
permits, students could do the Green- 
down in the autumn when school is in 
session.) 

The teacher does not want to commit to 

the added time required for Green-up. 

Green-up and Green-down allow for a 

more in-depth and quantitative analysis of 


N 


w 


observations of plant phenology to help them plant phenology. 
validate estimates of greenness from around the 
world taken by these and other satellite systems. 
Protocol Budburst Green-Up Green-Down 


What procedures 
are performed? 


Observe and report 
dates of green-up 


Observe and report 
dates of green-down 
color changes 


Observe and report 
dates of green-up 
and leaf growth 


Where are procedures 
conducted? 


Plant Phenology Study Site; Site close to Atmosphere and Soil 
Moisture and Temperature Study Sites is preferred 


When are procedures 
conducted? 


Twice weekly, starting 
at least two weeks 
before estimated initial 
budburst, then daily 
until budburst is seen 
on three places on tree 


Twice weekly, starting 
two weeks before 
estimated initial 
green-down until 
leaf color change 

is complete or leaves 


Twice weekly, starting 
at least two weeks 
before estimated initial 
budburst until leaf 
length stops increasing 


fall off 
What equipment is | Data sheets, plant Permanent marker, Permanent marker, [ 
е) identification keys ruler with mm scale, GLOBE Plant Color Guide, 
compass, camera, Data | compass, camera, 
Sheets, plant plant identification 
identification keys, keys, Data Sheets 
calculator (optional) | 
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Educational Objectives 

Students participating in the activities presented 
in this chapter should gain inquiry abilities and 
understanding of a number of concepts. These 


p abilities include the use of a variety of specific 
instruments and techniques to take measurements 
and analyze the resulting data along with general 


approaches to inquiry. The Scientific Inquiry 

Abilities listed in the gray box are based on the 

assumption that the teacher has completed the 

protocol including the Looking At The Data section. 

If this section is not used, not all of the Inquiry 

K Abilities will be covered. The Science Concepts 

P included are outlined in the United States National 

Science Education Standards as recommended by 

the US National Research Council and include 

those for Earth and Space Science and Physical 

Science. The Geography Concepts are taken from 

the National Geography Standards prepared by 

the National Education Standards Project. 

Additional Enrichment Concepts specific to the 

hydrology measurements have been included as 

4d well. The gray box at the beginning of each 

protocol or learning activity gives the key concepts 

and scientific inquiry abilities covered. The 

following tables provide a summary indicating 

which concepts and abilities are covered in which 
protocols or learning activities. 
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National Science Education Standards 


Budburst Green-up Green- 
down 


Humming- | Phenological 
birds | Gardens 


th And Space Sciences 


Far lk 

Changes in the Earth and Sky (K-4) [[ | 

Weather changes from day to day over the seasons. |2 [] r1 m u = 

Weather сап be described by measurable quantities 1 3 Е ] = 

Properties of Earth Materials (K-4) "i a | 

Soils have properties of color,k texture and composition; they al 

support the growth of many kinds of plants. =| ps d 

Structure of the Earth System (5-8) s] Ner [ ] 1 

Soil consists of weathered rocks and decomposed organic matter — al 

Water circulates through the biosphere, lithosphere, 

atmoshpere and hydrosphere (water cycle) [К | 

Energy in the Earth System (9-12) Be 

The sun is the major source of energy at Earths surface a na a a | [] 

Life Sciences | | 
= 

The Characteristics of Organisms (K-4) | 

Organisms have basic needs ee | m" a ҮЛЕ a 

Organisms can only survive in environments where their п п m a 

needs are met де | | 

Earth has many different environments that support different " ш 5 


combinations of organisms BEA 1 —— RTT 


[ Organisms and their Environments (K-4) 


Organisms’ functions relate to their environment 


Organisms change the environment in which they live 


Life Cycles of Organisms (K-4) 


Plants and animals have life cycles 


Plants closely resemble their parents 


Regulation and Behavior (5-8) 


living in a~constantly changing environment 


The Interdependence of Organisms (9-12) 


Energy for life derives mainly from the sun 


Living systems require a continuous input of energy to 


The interaction of organisms in an ecosystem have evolved 
together over time 


The World in Spatial Terms (K-12) 


[U 
Г ecosystems on the Earth's surface. 


Organisms both cooperate and compete in ecosystems moo Оё ра MEE 
The population of an ecosystem is limited by its resources EMENS ЕЕ S porum M 


Matter, Energy, and Organization in Living Systems OID | m md. uuu Wu 
" = Е 
maintain their chemical and physical organizations 
The Behavior of Organisms (9-12) 
a 


Geography | ee 


Plants help to define the character and spatial distribution а] 
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pudburst Protocol 


purpose 
To observe budburst on selected trees at a Land 
Cover Sample Site, or a designated Phenology 


Site 


Overview 

In places where there are trees, students will 
select at least two trees and observe when 
budburst occurs. 


Student Outcomes 
Students will be able to, 

- observe when buds burst open at the 
beginning of the growing season; 
examine relationships between budburst 
and climate factors; 

- communicate project results with other 

GLOBE schools; 

collaborate with other GLOBE schools 

(within your country or other 

countries); 

- share observations by submitting data to 

the GLOBE archive; 

compare phenological patterns among 

Species; and 

- predict the timing of budburst for 
upcoming seasons (advanced). 


Science Concepts 
Earth and Space Sciences 
Weather changes from day to day over the 
seasons. 
The sun is a major source of energy at the 
Earths surface. 
Life Sciences 


Organisms can only survive in 


Organisms’ functions relate to their 
environments. 

Organisms change the environment in 
which they live. 


environments where their needs are met. 


Plants and animals have life cycles. 

Energy for life derives mainly from the 
sun. 

Living systems require a continuous input 
of energy to maintain their chemical 
and physical organizations. 

Scientific Inquiry Abilities 

Estimate dominant plant species. 

Identify plant species (advanced). 

Identify answerable questions. 

Design and conduct scientific 
investigations. 

Use appropriate mathematics to analyze 
data. 

Develop descriptions and predictions 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures, descriptions, 
and predictions. 


Time 

Selection of site and trees (not including times 
to and from site): 1 hour 

Daily visits (not including times to and from 
site): 15 min 


Level 
All 


Frequency 

Initially, twice a week beginning two weeks 
prior to anticipated budburst. After leaves start 
to emerge, daily visits until budburst is 


observed. 


Materials and Tools 
Budburst Data Sheet 
Budburst Site Definition Sheet 
Budburst Site Definition Field Guide 
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Teacher Support 


Who can do the Budburst Protocol? 
must decide if you live in an area 
appropriate for the GLOBE Budburst Protocol. You 
must live in an area with trees. Both deciduous 
and evergreen trees have buds, so either type may 
be used. Areas dominated by shrub and bush 
vegetation also have phenology, but the annual 
patterns are so variable that accurate monitoring 
takes more time. If you live in a tropical area with 
anormally warm and wet climate, your vegetation 
may not have strong annual vegetation cycles. 
However, if you have a distinct dry season and 
most of the vegetation loses its leaves during the 
dry season, you should definitely participate. You 
probably live in the part of the world for which 
we have a very poor understanding of vegetation 
phenology. 


First, you 


Budburst is one of three plant phenology 
protocols. For a discussion on which protocol is 
more appropriate for your class, please look at 
the Measurement Logistics section in the 
Introduction section to the Phenology Protocols. 


Site Selection 
For your site selection, you have different options. 


1. A convenient option would be to use a 
preexisting Land Cover Sample Site if 
frequent observations at such a site are 
practical. 

. Create a new Budburst Study Site. Since 
students will need to make many visits to 
the site, we suggest you select a site close 
to your school or to where students live. 
You may use your school grounds or any 
other site that includes native trees that 
are minimally watered or fertilized. 
Identify the latitude, longitude and 
elevation following the GLOBE GPS 
Protocol. 


N 


You want to observe trees that are as close to the 
ап as possible. If you live in an 
leri ere most of the trees are watered or 
H ilized, then observing an irrigated tree is fine. 
i owever, if most of the trees are growing without 
tigation, do not pick a watered tree for study. 


Since the results of this protocol will be combined 
with temperature and precipitation data from the 
GLOBE Atmosphere Investigation, try to choose a 
site close to the Atmosphere Study Site. 


Tree Selection at Your Site 


Budburst measurements are quick and easy. 
Consequently, you can either take just a few 
minutes a day to make observations or you may 
try to design a more in-depth investigation. Based 
on your available time and interest, select one of 
the following three measurement strategies: 


1. Budburst for the dominant overstory 
species. 

If you are using a Land Cover Sample Site, select 
the dominant tree species in the canopy. If you 
are using a new site, visually inspect the canopy 
and estimate which species is dominant. Estimate 
coverage when plants are in full leaf. If you are 
selecting a site when leaves are not full, do the 
best you can to estimate which tree species would 
have the most canopy coverage. If you are in an 
area where two or more species are equally 
dominant, chose one of the species and record 
this information as metadata in the comments 
section in the Budburst Data Sheet. 


2. Budburst for more than one overstory 
species. 

If you would like to study the phenological 
patterns of different species, additional trees may 
be identified for budburst analysis. 


3. Budburst for overstory and/or understory 
species. 
In many forests or parks, there are two levels of 
woody plants (like trees or shrubs). Woody plants 
living underneath the highest layer of trees are 
called the understory. They often have a very 
different phenological cycle than do overstory 
plants. These understory plants, which may be 
shrubs or small trees, can also be measured. If 
your shrub or tree is living underneath the top 
layer of trees, it is considered to be an understory 
plant. This information should be entered in the 
metadata section of your Budburst Site Definition 
Sheet. The phenological difference between 

overstory vegetation 15 


understory and 
scientifically important and schools are 
encouraged to measure both if possible. 
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Once you have decided on the measurement you 
wish to take, you need to decide which trees to 
observe. Observe at least two trees and 
numerically label each tree. The trees you select 
should meet several criteria: 


* Trees should be easily accessible. 

* Ideally, individual buds should be visible 
with the naked eye. Otherwise, 
binoculars may be used to observe the 
individual buds. 

If possible, select native tree species. 
Non-native species, called exotics, have 
phenological cycles that are not 
necessarily tied to the local climate. Fruit 
trees are a classic example. You may have 
heard on the local news that a late spring 
frost ruined a fruit crop in your area. 
Often this is because exotics have not 
evolved to survive in the local climate. 1f 
you are unsure which plants are natives, 
ask your teacher, a local greenhouse or 
agricultural extension agent, or the 
appropriate staff at a local college or 
university. 


Measuring Budburst 


The timing of budburst on individual branches 
can vary by several days within one tree. High 
branches also can be difficult to see. For these 
Teasons, using the steps below, you will record 
the date on which budburst has occurred on at 
least three different areas of the tree. 


* Since budburst is highly variable from 
year to year, you will need to start 
monitoring well before the average date 
of budburst. Ask a biology teacher or 
someone from your local community if 
they have any record of budburst for your 
area. You can try contacting local 
horticultural societies, or college or 
university biology departments. The date 
does not need to be exact. You are just 
trying to establish when, on average, 
leaves begin to appear. 

In the spring, two weeks or more before 
the average date of budburst, the entire 
class or at least all students who will be 


taking measurements, should visit the 

Budburst Study Site to determine Which 

trees to monitor. 
* Make trips to your site initially twice д 
week. Look at the buds all over the tree, 
Do the buds appear to be swelling or have 
any of the buds burst Open? Can you see 
signs of tiny leaves emerging from inside 
the bud? If so, this is the beginning of the 
overall tree budburst and you should start 
visiting the site every day. When you haye 
noticed three separate locations on the 
each tree where budburst has occurred, 
enter this as the date of budburst on the 
Budburst Data Sheet. Three buds on one 
branch do not count; you are looking for 
three different parts of the tree where 
budburst has happened. You should have 
one date for each tree. 
Budburst observations can be made at any 
time during the day. 


Managing Students 


It is very important that someone visits the site at 
least twice a week until budburst begins to occur. 
After this, make observations every day in order 
to accurately estimate the day when three parts of 
the tree have experienced budburst. Depending 
on how rapidly budburst occurs, this could mean 
many visits to the site; sharing this responsibility 
among several students should make this easier 
to accomplish. Try to make a schedule so that 
students can take turns visiting the site with their 
parents or another adult if necessary. This will 
lessen the chance of not visiting the site often 
enough. By reporting the date of the last 
observation before budburst occurred, everyone 
using your data will know how many days are 
missing (if any) immediately preceding the date 
of budburst and therefore of the time interval 
when budburst occurred. 
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Frequently Asked Questions 
1. What happens when the tree lam 

observing is cut down or dies? 

Ifa tree dies or is cut down, select another tree of 
the same species. Identify the new tree with the 
next number in your labeling sequence, for 
example, ‘tree 3. Record the changes in tree 
selection as metadata. 


2. Can we record more than one budburst 
measurement for the same Budburst Study 
Site? 

Yes, as long as all the trees are within a 30 m x 30 
marea you may use the same Budburst Study Site 
for all the trees. If you are observing trees outside 
430m x 30 m area you will need to define another 


Budburst Study Site. 


3. What is meant by three 
separate locations on each tree? 
The purpose of this requirement is to. 
avoid recording budburst of a single bud 
that does not represent the overall phenological 
development of the tree. You need to wait until 
you see at least one individual budburst on three 
separate places on the tree. Three budbursts on 
one branch does not count. Beyond this, you do 
not need to worry about height of the branches, 
orientation, or shading. 
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Budburst Site Definition 


Field Guide 


Task 


To select one or more native trees in the canopy, identify the species and locate the latitude, longitude 
and elevation. Trees or shrubs in the understory can be selected too. 


What You Need 

О GPS receiver Q) Pen or pencil 

О GPS Field Guide О Local tree identification guide 
О GPS Data Sheet Q Flagging Tape 


Û Budburst Site Definition Sheet 


In the Field 
1. Fill out the top part of the Budburst Site Definition Sheet. 


2. Use the GPS receiver and GPS Data Sheet to identify the latitude, longitude and elevation. You 
do not need to do this if using a defined Land Cover Sample Site. 


3. Identify the dominant tree species. Record the genus and species. 
4. Put flagging tape on the trees you selected. 


5. Complete the comment section on the Budburst Site Definition Sheet. 
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pudburst Protocol 
) Field Guide 


Task 


To observe budburst on three locations on your tree 


What You Need 


О Binoculars (optional) Û Budburst Data Sheet 


( Pen or pencil 


In the Field 
1. About two weeks before budburst visit Budburst Site and observe selected trees. Record date. 
Are there tiny green leaves emerging anywhere on one or both trees? 


; a. If yes, start to observe trees each day. Go to step 2. 
b. If no, continue to visit site twice a week. 


2. Each day observe trees until budburst can be seen on three locations in each tree. Record 


dates. 
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Budburst Protocol ~ 
Looking at the Data 


Are the data reasonable? 


Even though the timing of budburst varies among 
years, budburst occurs when trees sense 
temperature or moisture conditions that act as 
signals or “triggers”. In other words, the trees 
respond to the local environmental and not to the 
dates on a calendar. Moisture and temperature will 
alfect the timing of budburst. 


Budburst tends to show some general patterns that 
you can use to assess whether or not your data 
are reasonable. In general, budburst can vary by 
about one month from year to year. If your school 
records indicate that budburst occurred on March 
1 in one year and June 30 in the next, this indicates 
a possible data entry error. For the same species, 
trees growing farther north tend to have a later 
budburst than more southern trees (for the 
northern hemisphere). Microclimates can also 
affect budburst. Trees on the north side of 
buildings or in topographic low spots will 
probably experience colder temperatures and be 
characterized by a later budburst. By setting up 
your own budburst measurements, you can test 
these kinds of phenomenon. 


What do scientists look for in the data? 


GLOBE data will be used to better understand how 
satellite data correspond to real ground conditions. 
Additionally, by using your observations of 
budburst along with your temperature and 
Precipitation data, scientists will be able to 
accomplish several objectives. After mapping the 
annual dates of budburst across the continents 
and establishing weather patterns that control 
phenology in your area and across the world, 
Scientists can examine the relative importance of 
temperature and moisture on the beginning of the 
growing season. Eventually, scientists will be able 
to map areas of the world where the growing 
season is controlled by temperature and where it 
is controlled by moisture, Over time, scientists 
will develop a better understanding of how global 
vegetation responds to inter-annual climate 
variability. This understanding of plant phenology 
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isa critical component of computer models of the 
global climate system, 


Here is an example of how scientists investigate 
the relationship between timing of budburst and 
climate conditions. To do this, you Need the 
temperature and precipitation data Preceding 
budburst so that you can estimate the amount of 
moisture available for the trees and how warm 
the conditions are. 


Estimating Warming Conditions: Calculating 
Growing Degree Summation: 


Many plants in different areas of the world require 
a set amount of warming to initiate growth and to 
minimize their risk of frost damage. Growing 
degree summation (GDS) is a common measure 
of warming used by scientists. For this method, 
you will need the maximum and minimum 
temperature data for your school from January 
Ist (if you live in the northern hemisphere) or 
July first (if you live in the southern hemisphere) 
up to and including the date of budburst, To 
calculate GDS; 

1. First, for each day, calculate the daily 
average temperature (Tavg) by adding the 
maximum and minimum temperature for 
each day and dividing by two beginning 
on January 1 in the northern hemisphere 
and July 1 in the southern hemisphere. 

Starting with January 1 or July 1, check to 
see if Tavg is greater than 0° C. If it is, 
record this temperature. If not, ignore it. 
Go to the next day. Again, check to see if 
the (Tavg) is greater than 0' C. If it is, add 
it to the temperature you recorded for the 
first. If not, again ignore it. Repeat this 
process for each subsequent day up to the 
day of budburst. The sum of the positive 
average temperatures is your GDS. Record 
value in Table EA-BB-3 on your Work 
Sheet. 

For example, look at the following series of 

temperatures and the summation that would go 

With them: 


N 


Tavg(O"C); 4 2 2 3 .1 5 6 
GDS: 0 0 2 5 5 I0 I 
Earth System Science 
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calculating Moisture Availability 

Moisture availability is often measured by 
comparing the input of water to the surface with 
the amount of water that could leave the surface. 
In other words, inputs are compared with outputs. 
Ifinputs exceed potential outputs, the environment 
ig moist. On the other hand, if potential outputs 
are much larger than inputs, drought conditions 
exist. The precipitation (both solid and liquid) 
measured at your school is the input. Outputs are 
evaporation and transpiration. Transpiration is the 
process of water loss from plants while they absorb 
CO, for photosynthesis. The sum of evaporation 
and transpiration is called evapotranspiration, or 
ET. ET can be accurately estimated using fairly 
complicated equations. For this activity, a reasonable 
estimate can be made using a very simple method 
to calculate a related quantity: the potential amount 
of water that could leave the surface under the 
observed temperature and precipitation conditions. 
This is called potential evapotranspiration, or PET. 
The following steps show you how to calculate the 
input, output and moisture availability. 


Inputs 

1. To calculate inputs, you need to sum the 
daily precipitation values for the 29 days 
prior to budburst and the day of budburst 
(a total of 30 days). This includes the 
rainfall and the liquid-water equivalent of 
new snow. You can record your values for the 
30 days in Table EA-BB-2 in the student data 
work sheet. Record the total value in Table 
EA-BB-3. 

. If snow was on the ground at the time of 
budburst, then you need the liquid-water 
equivalent of the total snow depth. Record 
the value in Table EA-BB-3. 

. If snow was on the ground on the 29" day 
before budburst, you need a measurement 
or estimate of the liquid-water equivalent of 
the snow pack for that day. This can be 
done easily by making a linear interpolation 
between the two dates closest to the 29" 
day before budburst. On a piece of graph 
Paper plot the two known values; the date is 
on the x-axis, the water equivalent in mm is 
on the y-axis. Draw a straight line between 
the two points. Locate the date needed and 


кә 
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find the corresponding y-value on the line. 
This will give you an estimate of the 
liquid-water equivalent of the snow pack 
for the 29* day prior to budburst. Enter 
the value in Table EA-BB-3. 

Total input of water = sum of the rain + 
sum of the water equivalent of new snow 
+ water equivalent of snow pack on the 
29* day prior to budburst - water 
equivalent of snow pack on the day of 
budburst. Record the result of your 
calculation in Table EA-BB-3. 

Outputs: 

To estimate potential evapotranspiration (PET), 
we will rely on the concept that for a given 
temperature, air can only hold a certain amount 
of water. Warmer air can hold more water. This 
means that under warm conditions, PET is higher 
than under cold conditions. In reality, PET also 
depends on the amount of solar radiation, but we 
can still obtain useful estimates using only 
temperature. Table EA-BB-1 includes calculations 
of PET based on your measured temperature and 
a simple mathematical model. 


s 


1. Once you have detected budburst, use 
Table EA-BB-1 to get PET. For the day of 
budburst, find Tavg in Table EA-BB-1. 
Then look in the column to the right. This 
is PET in mm per day. Record this value 
with its corresponding date in Table EA- 
BB-2 on the student work sheet. Since 
plants respond to long-term moisture 
trends, record PET for the 29 days prior to 
budburst so that you have a total of 30 
values of PET. 

‚ Sum the PET values for the 30 days 
recorded in Table EA-BB-2. Enter the 30- 
day total in Table EA-BB-3. 

Water Difference: 

1. Subtract the PET total from either the 
precipitation total or the total water 
inputs, if the liquid-water equivalents of 
snow pack are part of your calculations. 
We will call this the water difference 
(WD). If WD is positive, this indicates wet 
conditions. Negative WD values suggest 
dry conditions. 

2. Record the value in Table EA-BB-3. 
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Table EA-BB-1 
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t Data Analysi 
pudburs d d na VSIS Table EA-BB-2 


work Sheet 


List of Abbreviations: 
GDS: growing degree summation 


PET; potential evapotranspiration 
Tavg; average temperature 


WD: water difference 


Observations: 

GDS: The summation of values (temperature values above 
0° C) between and including January 1 (northern 
hemisphere) orJuly 1 (southern hemisphere) and the day 
of budburst If the difference in elevation between your 
Atmosphere and Phenology Sites is greater than 500 
meters, then you need to add a correction factor. This is 
6° C for every 1000 meters (colder at higher elevations). 
For instance if the budburst site is 500 meters higher 
than the closest atmosphere site, you would subtract B" 
C for each day with a value above 0* C and then sum all 
the new values above 0° C. Table 2 can be used for 
calculating PET and precipitation. The totals are the 
summations of the values for 30 days (29 days before 
budburst and the day of budburst). Tavg for each day is 
the sum of the daily maximum and minimum 
temperatures divided by 2. It may be easier to start with 
the day of budburst and work backwards for the 30 days. 


Ifyou have calculated the water equivalent of snow pack 
in the Solid Precipitation Protocol in the Atmosphere 
Investigation, you need the values of the water equivalents 
of the snow pack for the day-of budburst and the 29th 
day before budburst for each branch. 


Total Water Inputs = Precipitation, or 


= Precipitation + water equivalent 29th day prior 
- water equivalent at budburst 


Water Difference (WD) = Total Water Inputs - PET 


Day Tavg | PET | Precipitation 
CC) | (mm) (тт) 
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Table EA-BB-3: Phenology Data 


i. 
Water Equivalent 
of Snow Pack 
т — 
Tree Budburst GDS PET Precipitation} Start End Total WD Missed 
Date Co (mm) (mm) (29 days) | (at budburst) | Inputs (mm) Observatio 
(YYYY/MM/DD) (mm) (mm) (mm) B-A (days) uj 
A B [9 р Е d 
A Г E | (B+C-D) i E-A 
| | L 4 
Eu = 
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An Example of Student Research 

nts in an Earth science class were assigned 
on phenology. So far, their class 
had not collected budburst data, but they intended 
to start this spring. To better understand the 
relationship between climate factors (particularly, 
temperature, precipitation and budburst), they 
decided to look at GLOBE data on the Web site. 
They predicted that budburst will occur earlier in 
warmer years and that it will occur earlier in years 


Stude А 
to do a project 


with more moisture. They first searched for a 
school on the Web site that had collected budburst 
data as well as consistently collected temperature 
and precipitation data so that they can estimate 
the warming conditions and moisture availability. 


The students went to the data access page and 
selected “phenology” and entered the dates Jan. 
1, 1999 and Jan. 1, 2002, as shown below 


[Air Temperature 


[Cloud Observations 
Liquid Precipitation 
Solid Precipitation 


[Barometric Pressure 
Surface Water 


Soil Moisture (by depth) 
Soil Temperature 

C Scil Temperature (profile) 
c 


Soil Temperature (by depth) 


GLOBE 2003 


1995.04.19 


1995-01-01 


1995-01-01 1777947 M 
1995-01-01 105341 4019 
1995-01-01 1055716 — 3421 
xus 33 

Фф ور‎ 

жә 9 


2001-11-26 
2001-11-26 
2002-01-25 


1995-04-23 
1995-05-16. 
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Start date (YYYYMMDD): [1999-01-01 
End dete (YYYYMMDD). [2002-01-18] 

Date format: [YYYYMMDD zi 

ГС Sort ín descending order 

Г] Add a code for missing values. 

IV Show column headers 


ЕЯ Show table legend 
[Г] Display only rows that contain ALL of the requested information 


** You must first select an experiment from the table above. 


Tellus what you think? 
Advanced users may wish to download the GLOBE Ouery Too]. 


ort column by clicking the column marked [Sort2] 


Start date (YYYYMMDD) [sso First Measurement*: 1998.03.30) [use this date] 
End date (YYYYMMDD), [2002-01-01 (Last Measurement: 2001-10-12) fuse this date] 


may not reflect data reported since 00.00 UT today 
vip fat [Mewresute тоюна Ж 
Date format: 


Femmes Ж] 


Г Зой а descending order 

Г Add a code for missing values 
Show column headers 

Show table legend 
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The students selected the columns they wanted to see (year, latitude, longitude, elevation, school 
name, average budburst date, genus name, and species name). Under the "sort 1" column, they selected 
“name of school” and under the “sort 2” column, they selected “year”. By doing this, the data are 
organized so that they could quickly scan through the data to see which schools have three years of 
budburst data. They found two such schools - Vestvaagoey videregaaende skole and Mid Valley 


Secondary Center. 


dd components to your request by selecting the checkbox to the let of the column, or by choosing one ofthe evalble options for 
ox must select one field from atleast one table marked with ax asterisk (*). options for a deta column. 
icon the [Sol] button next to any field to have your results sorted by that field. Specify а secondary sort column by clicking the coh a Bora). 


Start date (YYYYMMDD): [1999-01-01 — (First Measurement*: 1998-02-30) [use this date] 


End date (YYYYMMDD): 2002-01-01 — (Last Measurement": 2001-10-12) [use this date] 
* may not reflect data reported since 0000 UT today 


Output format: | View results in browser AN m 
Date format: IYYYMMDD * 


Г. Sort in descending order 

[7 Add a code for missing values 

V Show column headers 

IF Show table legend 

[ Display only rows that contain ALL of the requested information 


ENS засаа 


The students chose to examine Mid Valley Secondary Center and wrote down the tree species, Betula 
populifolia and Quercus alba, and the dates of budburst for each year. 
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Next, they needed the school's atmosphere data. At the navigation bar, they clicked on “Schools? und 
“GLOBE PARTNERS” and typed in “Mid Valley Secondary Center” for the “Find in school name". foe 
page with the school information appeared. This school has reported data from over 15,000 atmosphere 


measurements! 
Т They clicked on “graph” and then created a graph of the mean temperature, rain, and liquid Water 
equivalent between Jan 1, 1999 and May 10, 1999. 
iol herdeta+nowX21 kdt=GLOBE lege thead=Thigentleentnaye 
E Caenis ü Channels 
58.1500 . +0 Kilingi-Nomme Gymnasium 19990427 BETULA 
58.1333 . .0 Kilingi-Nonme Gymnasium 20000427 BETULA 
> 57.7883 E +0 Kodiak High School 20000430 ALNUS 


50.7667 К +0 Kopernikus Gymnasium 20000410 BETULA 
57.9260 k +0 Ledetskolan 19990426 BETULA Ж 
57.9260 E +0 Ledetskolan 20010502 BETULA PI 
р 
D 


60.6667 $ +O Lena ungdomsskole 19990429 BETULA 
51.2700 Я +0 Lise Меіспег Gesamtschule Koeln-Porz 010331 BETULA 
51.3000 s +0 Lise Meitner Gesamtschule Koeln-Porz 20010404 BETULA | 
51.4200 5 +0 Lise Meitner Gesamtschule Koeln-Porz 20010329 BETULA 
51.5167 lr +0 Lise Meitner Gesamtschule Koeln-Porz 010330 BETULA 
51.6760 , к NMeitner Gesamtschule Кое1п-Рог: 0010331 BETULA 
50.8980 : 20 Lise-Meitner Gesamtschule Koeln-Porz 20010312 BETULA 


36.9738 -120. -0 Millview Elementary School 20010306 POPULUS | 
63.8850 -152. +0 Minchumina Community School 20000522 BETULA | 
63.8850 -152. -O Minchumina Community School BETULA r 
63.8850 -152. +0 Minchumina Community School 20000527 BETULA 
63.0850 -152. +0 Minchumina Community School 20000527 POPULUS 
50.6062 i2. +0 Mittelschule Elsterberg 20010331 BETULA L 

50.6155 12. +0 Mittelschule Elsterberg 20010401 BETULA uy 
36.1303 -86. +0 Montgomery Bell Academy 20010406 QUERCUS e 
36.1303 -вв. +0 Montgomery Bell Academy 


20010406 QUERCUS 


36.1318 -86. +0 Montgomery Bell Academy 20010407 QUERCUS 13 
58.2203 7, +0 Mosby skole (6-10 and 13-16) 19990414 BETULA ¥ 
36.1970 -g2. +0 Norfork Elementary School 20000326 CARYA ^ 
36.1972 -э2. +0 Norfork Elementary School 20000315 be | 
36.1970 -92. +0 Norfork Elementary School 20010405 9 
36.1972 -92. +0 Norfork Elementary Schoo! 20010202 Е 


ae nmn. оз, men anngnane 


reci вена: gee [ims fu Ga. FAAS ЖТ 
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Mid Valley Secondary Center, Throop, PA, US 
Q5 7757 PIRE 


з 
4/1999 
d 10 


5/199 
a 3/1996 


* C- air 
n 


Mean Air Temperatu 1 


mm - water 
= 
o 


” New Snow Rain Equi 


] 


10 20 1 о 20 Kah oT 1 20. 1 кг 
1/1999 2/1999 5/1999 4/1999 5/1999 
^ Mean Air Temperature: ATM-01 School Location (dismant ° C - air 
а Rainfall: ATM-01 School Location (dismantled) (U-tub mm - water 
© New Snow Rain Equivalent: ATM-01 School Location (di mm - water 


They then selected the "show table" option and a table with the data for the graph appeared at the 
bottom of the page and saved the file as a text file. 


Next, they created a graph of temperature, rain and liquid water equivalent QUO QC AFP 
2000 and May 10, 2000; then a text file as they did for the 1999 data. They repeated these steps and 
created a text file for 2001 data. 


The students opened a spreadsheet program on a computer and followed the instructions to open the 


999 text file. 


n order to calculate Growing Degree Summation (GDS), they first examined the data to see if there 
were any missing days between Jan 1, 1999 and May 7, 1999 (the day of budburst). They found only 
one — April 20, 1999!! For that missing temperature date, they looked at the mean temperatures for 
he day before, April 19, and the day after, April 21. To estimate the mean temperature on April 20, 
they performed a linear interpolation, which is a technique often used by scientists to estimate the 
Values of missing data. The graph below shows the mean temperature data for April 19 (6.0 C) and 
April 21 (5.8 C). They drew a line connecting these two points and then estimated the mean temperature 


or April 20 as 5.9 C. 


m Science 
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They next calculated the GDS for 1999 for the two tree species observed by the studeni 
Secondary Center. Both tree species had a budburst date of May 7. They started with 
added all the temperature values greater than 0.0 C up to the day of budburst. Th 
temperatures less than 0.0 C, as stated in the What do scientists looh for in the data. 
calculated a GDS of 619.1C. The table below shows their results. 


ts at Mid Valley 
January 1 ang 
€y ignored the 
? section, They 


о ana a 
Ore. б: Э 


4/19/99 4/20/99 4/21/99 


Date 
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Mean 


Date Mean 


Date 


Mean 


GLOBE" 2003 


Budburst Protocol - 19 


pee Temperature GDS Temperature GDS Temperature GDS 
11/999 -11.5 0 24271999 9 80.5 326/1999 -1 1713 
12/1999 -13 0 2/3/1999 4 84.5 3/27/1999 3.5 174.8 
1/3/1999 -4.2 0 2/14/1999 =f 84.5 3/28/1999 9.2 184 
1/4/1999 -3.5 0 2/15/1999 5.5 84.5 3/29/1999 10 194 
1/5/1999 -10.5 0 2/16/1999 2 86.5 3/30/1999 12 206 
1/6/1999 -11 0 2/17/1999 9 95.5 3/31/1999 10 216 
1/7/1999  -75 0 2/18/1999 35) 99 4/1/1999 138 229.8 
1/8/1999 -9.8 0 2/19/1999 15 105.5 4/2/1999 14.5 244.3 
1/9/1999 -2.5 0 2/20/1999 25 108 4/3/1999 145 258.8 
1/10/1999 -6 0 2/21/1999 -3.2 108 4/4/1999 16 274.8 
1/11/1999 -8.5 0 2/22/1999 -10.5 108 4/5/1999 5 279.8 
112/999  -7 0 2/23/1999 -11.5 108 4/6/1999 9 288.8 
1/13/1999 -l 0 2/24/1999 -3 108 4/7/1999 14 302.8 
1/14/1999  -78 0 2/5/99 2 108 4/8/1999 15 317.8 
1/15/1999 -7 0 2/26/1999 0 108 4/9/1999 15 332.8 
116/999  -6 0 2/27/1999 0 108 4/10/1999 9 341.8 
1/17/1999 2 2 2/28/1999 3.8 111.8 4/11/1999 5 346.8 
1/18/1999 4 6 3/1/1999 2.5 114.3 4/12/1999 4 350.8 
1/19/1999 6 12 3/2/1999 1 115.3 4/13/1999 5.5 356.3 
1/20/1999 0 12 3/3/1999 3 118.3 4/14/1999 8 364.3 
1/21/1999 2 14 3/4/1999 2.5 120.8 4/15/1999 8 372.3 
1/22/1999 2.5 16.5 3/5/1999 -2.5 120.8 4/6/1999 13 385.3 
1/23/1999 T 23:5 3/6/1999 0.5 121.3 4/17/1999 6 391.3 
1241999 11.5 35 3/7/1999 -4.5 121.3 4/18/1999 85 399.8 
1/25/1999 45 39.5 3/8/1999 -10 121.3 4/19/1999 6 405.8 
1261999 -1 39.5 3/9/1999  -8 1213 4/20/1999 est 59. 4117 
1271999  -15 39.5 3/10/1999 -4.5 1213 4211999 58 417.5 
1/28/1999 3.5 43 311/999 -1.5 1213 4/22/1999 10 421.5 
1291999 2 45 312/999  Á 35 1213 4/23/1999 132 440.7 
1/30/1999 -4.5 45 31341999 -3 121.3 4/24/1999 3.5 4442 
1311999 -8 45 3/14/1999 0.5 1218 4/25/1999 48 449 
4/26/1999 10.5 459.5 

2/1/1999 1 46 3151999 3 1248 : a 
201999 4 50 316/999 1 125.8 4/27/1999 11. M 
2/3/1999 75 57.5 3/17/1999 7.5 133.3 4/28/1999 u^ nes 
2/4/1999 4.5 62 3/18/1999 13.5 146.8 4/29/1999 en T 
251999 2 64 3/19/1999 55 1223 4/30/1999 is ah 
2/6/1999 432 64 320199 15 1538 5/1/1999 рз "d 
2/7/1999 1 65 3/21/1999 3 156.8 5/2/1999 nip en 
2/8/1999 -05 65 3221999 3 159.8 5/3/1999 a de 
2/9/1999  .3 65 3/23/1999 2 161.8 Sia: pe n^ 
2/10/1999 3.5 68.5 3241999 35 165.3 ae ur idm 
коа Бы i3 pesci dex Ds 5/7/1999 185 619.1 

р 0 
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They then calculated the GDS for 2000 and 2001 Е 
following the steps described above. Both species Date Rein | Days | Equiv | Days | 
of trees, Betula populifolia and Quercus alba, had 19990408 | 0 1 0 [1 
the same date of budburst for each year. If the 19990409| 68 1 б | 
dates differed within the same year they would 
have had to calculate the GDS for each tree 19990410] 6.6 1 0 1 
Species. Here are their results: 19990411! 0 1 gm 
19990412 | 11.8 1 0 1 
Mid Valley Secondary Center - 19990413 | 0 1 0 1 
Betula populifolia and Quercus alba 
19990414| 0 1 0 i 
Үеаг 
19990415| 0 1 0 
Budburst l 
19990416| 0.1 1 0 1 
GDS 
19990417| 42 l 0 1 
It seems that the budburst dates are nearly the 19990418| 0 1 0 |I 
same for all three years but that the GDS values 19990419| 04 1 0 11 
vary greatly. In fact the year with the earlier n 
budburst date (May 3) had the lowest GDS of missing 
493.4C. This is the opposite of what they 19990421] 0.7 1 0 1 
predicted- a warmer spring, then an earlier 
budburst. 19990422 | 0 1 0 1 
Next, the students looked at moisture availability 19990423| 43 1 0 1 
¬ the difference of inputs and outputs of water 19990424 | 11 1 0 1 
available to the soil. Maybe that influenced when 1 
budburst occurred. They summed the 19990425 | 0 1 0 
precipitation data for the 29 days before budburst 19990426| 0 1 9 1 
and the day of budburst (a total of 30 days). This 
1 
includes both the rain and liquid water equivalent 19990427 | 0 1 2 
of melted snow, For rain, there was a total of 49.5 19990428| 0 1 0 1 
mm for the 30 days although one day was 
cu А i 0 1 
missing (April 20). Rain could have fallen on that 19990429| 0 | 
day. They checked to see if there were any liquid 19990430] 0 1 0 | 
equivalent of new snow measurements. Nosnow 0 1 
fell during that time period. 19990501) 0 1 
19990502| 0 1 0 |1 
19990503| 0.1 | 1 o yl 
19990504| 14 | 1 0 |1 
19990505| 24 | 1 9. |a 
19990506 | 0 1 à | 
19990507| 0 1 0 |1 
Total 49.5 
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they calculated the outputs from 
evaporation and transpiration. The output values 
for each day in the 30 days was determined from 
a potential evapotranspiration (PET) table given 
in the What do scientists look for in the data? 
section. To find the PET value for each day, they 
looked at the average temperature value and found 
the corresponding PET value. If the temperature 
value for a given day fell between values listed in 
the table, they did a linear interpolation. The PET 


Next, 


Next, they subtracted the outputs from the inputs 
for each year to see if there were moisture excesses 
or deficits. Negative difference values indicate a 
decrease in water, in other words, drying 
conditions. Positive difference values indicate an 
increase in water. 


[ Year 1999 2000 | 2001 


Total 


values for 30 days were added, shown below. precipit do Sn LO ЯНВ 
verage x 
t ج‎ | PET РЕТ d mm | 54mm | 56.35 mm 
4/8/99 15 y Difference -0.85 mm | 2.1 mm |-18.95 mm 
4/9/99 15 21 (moisture 
4/10/99 9 L5 availability) 
4/11/99 5 Li During the spring of 2001 there was a major 
4/12/99 4 val decrease in the available moisture: -18.95 mm. 
4/13/99 5.5 115 The other two years moisture conditions remained 
steady. They then compared the moisture 
poli м 14 availability values with the budburst dates and 
aoe 8 14 GDS values in a table shown above. 
4/16/90 13 19 
4/17/99 6 12 | 
4/18/99 8.5 145 Year 1999 2001 
4/19/99 6 1.2 Budburst May 7 
4/20/99 est 5.9 1.2 619.1 
4/21/99 5.8 12 
не = 18 This is totally different than what they expected! 
lie 3.2 19 Budburst occurred earlier in drier, colder 
4/24/99 3.5 1.05 conditions. They were not sure what to conclude. 
4/25/99 4.8 l.l Perhaps for these species, the amount of daylight 
4/26/99 0.5 1.65 is more important than both moisture availability 
4/27/99 11.5 1.75 and temperature. They were curious to see if the 
y [ted in 2002 and wanted to look 
4/28/99 Lal i7 same pattern resu po : 
at the data from another school to see if the sam 
н 1058 LT pattern is found. As well, they decided to go to 
4/30/99 12.5 1.85 the library and find out more about the tree 
199 3.5 1.95 species. 
5/2/99 142 2 
5/3/99 165 235 
5/4/99 15 zin 
5/5/99 1655 2.45 
5/6/99 18.5 2.6 
5/7/99 18.5 2.6 
а Ш 50.35 
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Green-Un Protocol 


Purpose 
To observe plant green-up and report data that 
will be used. by scientists to validate satellite 
estimates of the beginning of the plant growing 


season 


Overview 

Students monitor budburst and growth of 
leaves of selected trees, shrubs, or grasses. 
Species chosen should be native, deciduous, 
and dominant in your area. 


Student Outcomes 


Students will learn to, 

- observe when buds burst open at the 

beginning of the growing season; 

- observe how leaves grow to maturity; 

- identify tree species native to your area; 
examine relationships among budburst, 
leaf growth and climate factors; 
predict the timing of budburst for 
upcoming seasons; 

- compare the rate of leaf growth of 
different plant species; 
- communicate project results with other 

GLOBE schools; 

- collaborate with other GLOBE schools 
(within your country or other 
countries); and 

share observations by submitting data 
to the GLOBE archive. 


Science Concepts 
Earth and Space Sciences 
Weather changes from day to day and over 
the seasons. 
The sun is a major source of energy at the 
Earth’s surface. 


Life Sciences 
Organisms have basic needs. 
Organisms can only survive in 


environments where their needs are 
met. 


Organisms' functions relate to their 
environment. 

Organisms change the environment in 
which they live. 

Earth has many different environments 
that support different combinations of 
organisms. 

Plants and animals have life cycles. 

Energy for life derives mainly from the 
Sun. 

Living systems require a continuous input 
of energy to maintain their chemical 
and physical organizations. 

Scientific Inquiry Abilities 

Estimating dominant plant species 

Identifying plant species (advanced level) 

Observing leaf growth 

Making leaf measurements 

Identify answerable questions. 

Design and conduct scientific 
investigations. 

Use appropriate mathematics to analyze 
data. 

Develop descriptions and predictions 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures, descriptions, 
and predictions. 


Time 
Field time: 20 minutes excluding travel time. 


Level 
All 


Frequency 
Atleast twice a week beginning two Y 
to the anticipated start of green-up, i 


weeks prior 
f possible 


-d 
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Green-Up and Green-Down Site 

Selection | 

Before selecting your Green-up site, here are some 
things to consider. Green-down site selection has 
the same considerations. 

1, Your plant phenology site should be in an 
area where green-up and green-down of 
native plants is due to climatic factors such 
as increased temperature or precipitation. 
Watering and fertilization alter plants’ 
green-up and green-down cycles, and the 
data would not be representative of natural 
vegetation and local climate connections. 
Buildings absorb solar radiation and shelter 
sites from wind. Therefore, avoid sites near 
buildings or where watering 
or fertilization is done. For the phenology 
protocols, near means that the plant is 
closer to a building than the height of the 
building. To determine if the plant is too 
close to a building, stand at the plant and 
sight the top of the building through your 
clinometer. If the angle is greater than 45°, 
the building is too close. 

2. Non-native species, called exotics, have 
green-up and green-down cycles that may 
not be tied to the local climate. Often this 
is because exotics have not evolved to 
survive in the local climate. If you are unsure 
which plants are natives or have evolved to 
grow in a climate regime similar to yours, 
ask a local greenhouse or agricultural 
extension agent, or the appropriate staff at a 
local college or university. 

3. Your green-up and green-down site must 
be accessible so that students can visit the 
site at least twice a week. It may be the 
same as a Land Cover Sample Site or your 
Atmosphere Study Site. Be sure to 
determine the location of your site by 
identifying the latitude, longitude and 
elevation following the GPS Protocol. 

4. Because the results of your green-up and 
green-down measurements may be related 
to temperature and precipitation data from 
the Atmosphere Investigation and soil 
Moisture and temperature data from the 
Soil Investigation, it is better to choose a site 


close to the Atmosphere and Soil Moisture 
Study Sites. The local topography can 
cause weather to vary even within short 
distances. This is particularly true in 
mountainous and coastal regions. The 
horizontal distance between the Phenology 
and Atmosphere and Soil Moisture Sites 
should be less than 2 kilometers and the 
elevation differences less than 100 meters, 
so that you can see whether your 
atmosphere data correlates with your 
green-up and green-down data. 


. Green-up and green-down detected by 


satellites are influenced mostly by a few 
dominant overstory plant species. These 
will be the species with the largest share of 
canopy coverage. If you are using a Land 
Cover Sample Site, you already know the 
dominant species. If you are using a 
different site, use the one to three over- 
story species that are dominant for your 
region. These over-story plants may be 
coniferous trees, broadleaf trees, broadleaf 
shrubs, or grasses. For phenology 
measurements you should choose a 
deciduous plant so, if the dominant plant 
species are all evergreen conifers, use the 
under-story broadleaf shrubs as your green- 
up plants. For example, if your study site is 
90 percent white pine (a coniferous tree) and 
10 percent sugar maple (a broad leaf tree), 
use the sugar maple trees as the study plants. 


. Scientifically, it is most useful if the tree or 


shrub branch used for the Green-Up 
Protocol is the same as the one used for the 
Green-Down Protocol. However, you may do 
only the Green-Up or Green-Down 
measurements or you may use different 
branches or even different sites if this is 
necessary to match your educational 
requirements. lf you use different sites for 
green-up and green-down, create a site 
definition for each. 


_ Since a change in plant growing season 


may be due to a change in climate, 

students at your school should try to use 
the same site, the same plant species, and 
the same part of the plant consistently, year 


after year. 
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Tree and Shrub Green-Up and 
Green-Down Site Selection 


Field Guide 


Task 


Define the site for green-up and green-down measurement of trees and shrubs. 


What You Need 

a Green-Up and Green-Down ü Dichotomous keys and/or other local 
Site Definition Sheet Species guides 

О GPS Data Sheet Û GPS receiver 

О cps Protocol Field Guide Q Compass 

m) Flagging tape or other durable Ч Pencil or pen 


identification 


In the Field 
1. Complete the top of the Green-Up and Green-Down Site Definition Sheet. 


2. Select one tree or shrub. The tree or shrub should be among the dominant native species in 
your area, deciduous, and easi ly accessible, 


W 


. Select a healthy and relatively large branch on the south side of the plant in the Northern 
Hemisphere or the north side of the plant in the Southern Hemisphere. Use a compass or GPS 


^. Identify genus and species using field guides or the help of plant specialists. Record the genus 
and species on the Green-Up and Green-Down Site Definition Sheet. 


un 


. Mark the branch with flagging tape or some other durable identification. Label the flagging 
tape with a unique number and your name/group name, school name and class. 


о 


. Take a GPS measurement following the GPs Protocol. 


ience 
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grass Green-Up and 
green-Down Site Selection 


Field Guide 


Task 


Define the site for green-up and green-down measurement of grasses. 


What You Need 


О Green-Up and Green-Down 
Site Definition Sheet 


О GPS Data Sheet 


О GPS Protocol Field Guide 
О GPS receiver 


In the Field 


О Pencil or pen 


ÛJ Nails or stakes or other durable identifiers 
ÛÛ Meter stick or tape measure 


О Dichotomous keys and/or other local species 
guides 


1. Complete the top of the Green-Up and Green-Down Site Definition Sheet. 


2. Identify genus using field guides or help of plant speci: 


alists. Record the genus on the Green- 


Up and Green-Down Site Definition Sheet. 


3. Select a one-meter square area dominated by grass plants. Mark your one 


-meter square plot 


with nails or stakes or other durable identifiers. 


4. Take a GPS measurement following the GPS Protocol. 
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green-up and green-down Cycles. Because otn, 

Teacher Support possibility, we are asking you to Teport vii | 
: you are observing. If there is only one cycle, th 

Advance Preparation you report green-up cycle 1. The Onset of the id 

Students should complete the Green- Up Cards and : st 


green-up after 1 January is considered gree 


Sneak Preview of Budburst learning activities prior cycle 1. ир 
to budburst and green-up. р 
Sometimes Breen-up can last past the end of the 


Check with local sources for average green-up | school year. To be scientifically se 


dates to help determine When to start measurements should be taken ofthe leaf until 
observations. In areas where snow is common, reaches maturity. Enlisting the help of parent s 
observations should begin immediately after snow other members of the community may encourage 
melt. For each visit where no Breen-up was | and Support the students to continue taking the 


> observed for the study plant, students should fill measurements after the school year ends, 
P in the observation date in the Pre-Green-Up Section 


of the Green-Up Data Sheet. Measurement Procedure 


For green-up observations, it is important to 
Frequency of Observations measure leaf length is from the leaf base to the 


leaf tip. Do not include the leaf stem or petiole as 
part of the leaf length measurement. 


Ideally, each student should visit his/her plant at 
least two times a week to check for the start of 
green-up and continue observing until leaf growth 
Plateaus. For trees or shrubs, the start of green- | Figure EA-GU-2: Leaf Length Measured without Petiole 


Up occurs when one of the four sample buds | 
X (selected for observation) swells and you can see 
> tiny green leaves starting from the bud. Some of —Фр> 
the buds on your branch May not green-up on 


exactly the same day. For grasses, the start of er 
green-up occurs when any initial green grass shoot | There are two Data Sheets for Breen-up, one | 
is first observed. See the Green-Up Cards learnin g | grasses, the other for trees and shrubs. M “ 
activity for pictures of grass shoot initiation. tree and shrub leaf, here are the categories for the 
state of leaf from dormancy to maturity. Students 


Figure EA-GU-1; Sample Buds Marked with Permanent report one of these for each observation. 


Markings 


Report “dormant” if the bud is unchanged 
and still in its dormant state during cold 
Or dry seasons. 

Report "swelling" if the bud is getting bigger. 

Report “budburst” when the bud first opens 
and the green tips of leaves can be seen. 

After budburst, students measure the length 
of each leaf and report the length in 


CR millimeters. 
=) Report "lost" if the leaf gets lost for some 
reason. i 
For grasses, here are the options for state of leat. 
For most areas of the world, there is only one Report “no shoot” before the leaves of grass 
green-up and green-down cycle, However, there can be seen, h 
are places where multiple wet and dry seasons Measure the length in millimeters after the 
P 4 s Can occur in a single year, resulting in multiple shoot appears. 
AJ: 
7\ 
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Report “Jost” if something happens to the 


marked leaves. 
The following pase shows examples of completed 
Tree and Shrub Green-up Data Sheet and a Grass 
Green-up Data Sheet you can show your students. 


questions for Further Investigation 


Is there a relationship between air temperature 
and budburst dates reported for the GLOBE 


schools in your region? 

How does plant green-up affect soil water? 

What other animals (butterflies, waterfowl, 
songbirds) arrive after plants green-up, when, and 
why? 

Does the timing of green-up occur earlier or later 
at higher elevations in your region? Why? 


Does the timing of green-up occur earlier or later 
inland or near the coast in your region? Why? 
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Example of Completed Data Sheets 


Tree and Shrub Green-Up 
LLLA 
Date Leaf 1 Leaf 2 Leaf3 ~ Leaf 4 5 
(day and (Dormant, Swelling (Dormant, Swelling (Dormant, Swelling, (Dormant Swelling о 
month) Budburst, Budburst, Budburst, Budburst, © 10} 
Length (mm), Length (mm), Length (mm), Length (mm), 
3 Lost) Lost) Lost) Lost) 
3 March dormant dormant dormant dormant ib 
6 March dormant dormant dormant dormant 
11 March swelling swelling swelling dormant ЕЕ 
| 
14 March budburst budburst swelling Swelling | 7g 
18 March 2 vcn: aa budburst Budburst 2 
22 March IT TEN | суг _ з 6 7 
25 March AE а mama à 
29 March 18 19 Q 
25 28 | 
T — TOM 
36 38 Q 
——— — ] 
42 44 0 
44 44 ü 
44 44 | 
Q 
eaf 2 Leaf 3 a Leaf 4 Reporte 0 
(No shoot, length (No shoot, length (No shoot, length (No shoot, length LOBE 
(mm), or lost) (mm), or lost) (mm), or lost) (mm), or lost) | 
No shoot No shoot 
V 
No shoot 
No shoot Js No shoo | 
6 E 
| 18 Lon 
ü 
0 
JL _ Ts 
| 40 
55 | О 
1 B 
55 INN — 
ü 
| 55 I— 
+ ü А 
+ 1 ul 
L 
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Tree and Shrub Green-Up Protocol 


Field Guide 


Task 

Observe and record green-up in trees and shrubs. 

What you Need 

First visit only 

О Green-Up Data Sheet О Fine-tip permanent marker 
( Pencil or pen Û Camera 

О Ruler with mm units Ц Compass 

Every visit 

Û Green-Up Data Sheet О Ruler with mm units 


Ц Pencil or pen 


; In the Field 


First time only/getting started 
1. Complete the upper portion of your data sheet. 
2. For the selected tree or shrub, locate the bud at the end of the branch. Label this bud by 
marking one dot on the branch next to the bud. 
. Locate the three other buds closest to this bud. Label these buds by marking two, three, or 
four dots next to them. 


‚ Take a photograph from the center of your site looking in the north, south, east, and west 
directions. 


w 


EN 


Every visit 


1. Examine each bud. 
* Record “dormant” if the bud is unchanged. 
* Record “swelling” if the bud is getting bigger. 
* Record “budburst” the first day you see the green tips of leaves. 
* Record “lost” if something happens to the bud and you cannot continue observations. 


2. After each budburst, use a ruler to measure the length of the leaf or leaves. Do not include leaf 


stem or petiole in your leaf measurements. 


) <> 


3. Measure the leaves until the leaf length stops increasin 
different dates. 


g. Different leaves may stop growing at 


ence 
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Grass Green-Up Protocol 


Field Guide 


Task 


Observe and record plant green-up in grasses. 


What You Need 

First visit only 

Q Green-Up Data Sheet Û Ruler with mm units 

Û Pencil or pen Û Camera 

а Fine-Tip Permanent Marker ü Compass 

Every visit 

0 Green-Up Data Sheet Û Ruler with mm units 

Û Pencil or pen ü Fine-Tip Permanent Marker 


(until four new Brass shoots have been marked) 


In the Field 


First time only/getting started 
1. Complete the Upper portion of your Data Sheet. 


2. Before new grass shoots emerge, take a photograph in the north, south, east, and west 
directions. 


Every visit 
1. Look for new Breen grass shoots, 


2. Mark the base of the first grass shoot with a single dot. 


3. Mark the second Shoot with two dots, the third with three dots and the fourth shoot with four 


dots. 


^. Use the ruler to measure the length of the shoots to the nearest millimeter. 


2. Measure the leaves until the leaf length stops increasing. 
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frequently Asked Questions 
1, Will the marker hurt the bud? 
k the bud itself. Mark the woody 


Do not mar Е 
pranch next to it. That way you will not hurt the 


plant. 

2, What do you mean by a relatively large 
branch? 

Use your judgement. Each branch should be 
healthy and large relative to the other branches 
on the tree or shrub. You want the branch to still 
be there next year. Be careful not to damage the 
branch during the labeling and measurements. 


3, What if a branch breaks during the study? 
Continue your observations by teaming up with 
other students and observing their branch. 


4. Will all the buds start to swell at the same 
time? 

No. Some of the buds on your branch may not 
green-up on exactly the same day as the terminal 
bud. 


5. Should I look at the same buds from year 
to year? 

You should observe the same branch, which will 
typically have new terminal buds each year. 


6. What if needle-leaved trees are the 
abundant vegetation? 

Usually there are understory deciduous shrubs 
that can be used instead. For example, Snowberry 
in Douglas Fir, Gamel Oak in Ponderosa Pine. 
Typically these deciduous plants are what the 
satellites are detecting as Green-up. The Green- 
up of conifers is a subtle process and not easily 
observed. 
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7. What if multiple leaves emerge Lets 
from a single bud after the bud bursts open? 
Choose one of the leaves and mark it with the 
permanent marker. Take measurements of the 
marked leaf. 


8. How do I mark the grass shoots if they 
start on the same day? 

Mark the base of the four longest grass shoots that 
appear at the earliest date. 


9. What do I do if on the first day I see 
shoots, I see more than four? How do I select 
the shoots to study? 

Mark the base of the four longest grass shoots that 
appear on the first day. 


10. How long will it take for a leaf to 
mature? 

That depends. It may take a week in Alaska with 
18 hours of sunlight during green-up. In other 
locations it may take a month or more. 


11. What if there are grass shoots the first 
day when I go to take a picture of the site? 
Mark the base of the four longest grass shoots that 
are present on this day. 
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Plant Phenology: Сгееп-ир ~ Looking At the Data 


Are the data reasonable? 
The first step in looking at plant phenology data is to see if the data seem reasonable ang make seng 
green-up leaf length always greater than or equal to previous measurements? Looking at a graph of or. 


f data, such as shown in Figure 1, makes it easy to check. Notice from the following figure that leaf p. 
a 


May 22 is less than May 19. Either the leaf measurement on May 19 or May 22 is Probably an error, 


Student A Green-up Data 

70 Leaf Growth Ends 
Е . 
= 5 
5 
5 40 . PIN 
5 30 е Error in Measurement 
ч 

> w 20 Ё e 
Ф 3 10 sod 
0 . 


1:35 7 9 11 13 15 17 19 21 23 25 27 20 31 


May 


Another potential problem is illustrated using Student B5 data in the following figure. 


Student B Green-up Data РА 

= a . 
£ m ua 
a 
5 40 L] 
= 130 e 
За : 

10 = 

0 ә 

135 7 9 1113.15 97 19 21 25 25 27 20 3 
May 


Notice that there are not enough measurements showing that leaf growth stopped. Has leaf growth reached 
100 percent by May 24, or will it continue for weeks? It is impossible to tell unless there at least 3 measurement 
Showing that leaf length has reached a constant. 


Leaf Length (mm) 
oS88&s egy 


е ЕЛДА raa aaya 
5 Мау 


| 
m 
| 
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What do scientists look for in the data? 


Scientists are very interested in when leaves appear 
in spring and how quickly they expand. The 
timing and rate of fall leaf changes, such as color 
changes and leaf drop, are also important. It may 
seem strange that such easy to observe and 
common events are important for Earth System 
Science, but they are. 


For example, many scientists use data from a 
NASA sensor, the Moderate Resolution Imaging 
Spectroradiometer (MODIS), to monitor the 
seasonal dynamics of leaves. Green-up/green- 
down data gathered by GLOBE students, using 
consistent methods all over the world, are one of 
the best tools with which to verify the accuracy of 
these satellite products. 


Computer models are one of the main research 
tools used by scientists to predict the future 
climate of the planet. Seasonal vegetation activity 
isan important component of this research. Many 
models contain programs that are used to predict 
the expansion of plant leaf material. Without data 
against which to compare these models, we cannot 
believe the model predictions. By using GLOBE 
green-up/green-down data to help develop these 
models, scientists will be able to better predict 
our future climate. 


Some applications of GLOBE data can be very 
specific, in particular when plant phenology is 
linked to other events. Many plant pests like gypsy 
moths appear during certain leaf developmental 
stages. By linking GLOBE green-up data with the 
appearance of gypsy moths, scientists are working 
to develop better pest treatment approaches. 


In short, by participating in the GLOBE Green- 
Up/Green-Down Protocols, you will be helping to 
gather data that scientists will use in many fields 


Earth System Science, sometimes in unpredictable 
ways! 


An Example of Student Research 


Ina science class, a teacher introduced the topic 
of phenology. No one in the class had heard of 
the word “phenology”, much less knew what it 
Meant. So she explained what phenology meant 
and asked students for examples of seasonal 
change. The school year started a little over a 


month ago, and the class discussed some 
observations they noticed about fall. One student 
noticed that the air temperature was getting colder 
so they were putting on thicker sweaters and 
jackets to keep warm. Another remarked that it 
was starting to get dark when they were walking 
home after school. A third student mentioned that 
the leaves on the trees were changing color and 
that some trees turned red while others turned 
yellow or brown. Another student mentioned that 
many local farmers had food stands selling their 
fruits and vegetables. 


As an assignment, the teacher asked the students 
to think of more examples. She encouraged them 
to ask their parents, grandparents and others in 
their community for examples as well. 


After the students became comfortable with the 
concept of phenology and specific examples for 
their area, the teacher introduced the students to 
the GLOBE Green-up Protocol and told the students 
that they would be doing the Green-up Protocol 
next spring. They were instructed to design one 
or more research projects to do next spring. The 
teacher encouraged them to look at the student 
data on the GLOBE Web site to get some ideas. 


The students were somewhat familiar with the 
GLOBE maps and graphs and realized that sites 
are defined for all the data students collect. So, 
they wanted to see if there were any nifty maps or 
graphs for phenology sites. After clicking on Maps 
and Graphs on the navigation bar, they clicked on 
GLOBE Sites and then, Green-up/Green-down Site 
Visualization. The new page listed phenology sites 
organized by country. GLOBE schools at many 
countries are collecting green-up and green-down 
data! They scrolled through the list of countries 
and schools and decided to look at Osaka Prefectural 
Higashisumiyoshi Technical High School in Japan. 
Studentsat this school have 9 phenology sites with 
lots of data at each site! 

After they clicked on a phenology site, à graph and 
a table of data would show for that site. After looking 
at the data for each site, they discovered that students 
at Osaka Prefectural Higashisumiyoshi Technical 
High School are observing green-up and green- 
down for three different tree species — Liquidambar 
styraciflua, Cornus florida, and Acer palmatum. 
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Spreadsheet, the data were Ordered by date Th 
interested to create Braphs for each leaf like th Ум 
on the GLOBE web site (see Figures EA-GU.3 i 
4, and EA-GU.5). So, they used the Spreadsheet \ 

sort the columns of data by the Leaf Ip, nod 
allowed them to graph each leaf More easily lin 


They organized the data for each site (GRN.9j CRY 


They were curious to see if there were any patterns 
or differences in the green-up data for the different 
species. Graphs for the different tree species are 
shown in Figures EA-GU-3, EA-GU-4 and EA- 
GU-5. Figure EA-GU-3 shows data for 
Liquidambar styraciflua at site 1 (GRN-01); Figure 
EA-GU-4 shows data for Cornus florida at site 2 
(GRN-02); Figure FA-GU-5 shows data for Acer 
palmatum at site 3 (GRN-03). Looking at the 
graphs the students made a number of 


ZE 


observations: 

1. Budburst for all the leaves for all three 
species occurred about the same time. 

2. There was a longer time that the buds showed 
swelling for the tree, Liquidambar styraciflua, at 
site GRN-01 (Figure EA-GU-3), 

3. The final lengths of the leaves for 
Liquidambar styraciflua (Figure EA-GU-3) 
and Acer palmatum (Figure EA-GU-5) were 
about the same, but the maximum leaf 
length for Cornus florida (Figure EA-GU-4) 
was much longer (almost twice the length 
of the other tree species). 

4. Liquidambar styraciflua and Acer palmatum 
reached the maximum length earlier than 
Cornus florida. 

5. One of the leaves for Liquidambar 
styraciflua fell off at site 1. That was 
curious and they wanted to know if there 
Were any comments to explain why the 
leaf fell off. They looked at the comments 
section in the table of data and 
unfortunately there were no comments, 

They decided to download the data from the 
GLOBE data archive and put the data into a 


Next, the students followed the instructions for 
the spreadsheet Program to open a text file. When 
opening up the data, they followed the 
instructions so that the column for dates was 
recognized as dates (year, month and day) and 
not large numbers, 


The column for LI (Leaf ID) has four values (1, 2, 
3, and 4) - a number for each leaf that was 
measured. When they looked at the data in the 
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Next, they made a graph of the data Comparing the] 
lengths of the three Species, shown in Figure FA-GU4 
For each species, they graphed one of the four leas 
just to see how the data compared. It was interesting 


around the same date, 
budburst for Liquidambar styraciflua occurred later, They 
also noticed that the leaves Brew at about the same ae, 
In other words, after the buds burst open, the amount 
the leaves grew each week was about the same. However 
since the final length of Cornus florida is much longer, 
it took longer to reach the length of a mature leaf, 


They were very excited about this observation. Is this 
typical? In the same location, do leaves on differen 
plants in the same area grow similarly? They decided 
that this was a good research question to ask for ne 
spring. They decided to find out what are some nati 
tree species in the area and select three like the schod 
in Osaka, Japan, and compare the way the leaves grow. 
They predicted that the tree species with longer | 
lengths at maturity will take longer to reach the leng! 
at maturity. 


In addition, they wanted to look at other GLOBE p 
data and see how fast leaves grow in the spring 1 
different climates. Does the length of the growing d 
affect how fast leaves grow? After exploring the GL vs 
data archive, they may have other research quest 
they want to ask for their research next spring. 
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figure EA-GU-6 


Comparison of Leaf Lengths 
Osaka Prefectural Higashisumiyoshi Technical High School 
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Green-Down Protocol 


Purpose 
To observe plant green-down and report green- 
down data to help validate estimates of the end 


of the plant growing season 


Overview 
Students monitor the change in color of selected 
leaves of trees, shrubs or grasses. 


Student Outcomes 


Students will learn to, 
- observe when leaves change color at the 
end of the growing season; 
compare leaf color with colors in the 
Plant Color Guide; 
identify tree species native to your area; 
- examine relationships between green- 
down and climate factors; 
- Predict when the end of the growing 
season will occur for upcoming seasons; 
compare color changes of different plant 
species; 
communicate project results with other 
GLOBE schools; 
collaborate with other GLOBE schools 
(within your country or other 
countries); and 
- share observations by submitting data to 
the GLOBE archive. 


Science Concepts 
Earth and Space Sciences 
Weather changes from day to day and over 
the seasons. 
The sun is a major source of energy at the 
Earths surface. 
Life Sciences 
Organisms have basic needs. 
Organisms can only survive in 


environments where their needs are met. 


Organisms' functions relate to their 
environment. 

Organisms change the environment in 
which they live. 

Earth has many different environments 
that support different combinations of 
organisms. 

Plants and animals have life cycles. 

Energy for life derives mainly from the 
Sun. 

Living systems require a continuous input 
of energy to maintain their chemical 
and physical organizations. 


Scientific Inquiry Abilities 

Estimating dominant plant species. 

Identifying plant species (advanced level). 

Observing leaf growth. 

Making leaf measurements. 

Identify answerable questions. 

Design and conduct scientific 
investigations. 

Use appropriate mathematics to analyze 
data. 

Develop descriptions and predictions 
using evidence. 

Recognize and analyze alternative 
explanations. 

Communicate procedures, descriptions, 
and predictions. 


Time 
30 minutes excluding travel time 


Level 
All 


Frequency 

At least twice a week beginning two weeks prior 
to the anticipated start of green-down, 
continuing until plant color change has ended 


or leaves have dropped off 


Ree 
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creen-Up and Green-Down Site 
selection 


pefore selecting 


some things to co i 
has the same considerations. 


1, Your plant phenology site should be in an 
area where green-up and green-down of 
native plants is due to climatic factors such 
as increased temperature or precipitation. 
Watering and fertilization alter plants’ 
green-up and green-down cycles, and the 
data would not be representative of natural 
vegetation and local climate connections. 
Buildings absorb solar radiation and shelter 
sites from wind. Therefore, avoid sites near 
buildings or where watering 
or fertilization is done. For the phenology 
protocols, near means that the plant is 
closer to a building than the height of the 
building. To determine if the plant is too 
close to a building, stand at the plant and 
sight the top of the building through your 
clinometer. If the angle is greater than 45°, 
the building is too close. 

2. Non-native species, called exotics, have 
green-up and green-down cycles that may 
not be tied to the local climate. Often this 
is because exotics have not evolved to 
survive in the local climate. If you are unsure 
which plants are natives or have evolved to 
grow in a climate regime similar to yours, 
ask a local greenhouse or agricultural 
extension agent, or the appropriate staff at a 
local college or university. 

3. Your green-up and green-down site must 
be accessible so that students can visit the 
site at least twice a week. It may be the 
same as a Land Cover Sample Site or your 
Atmosphere Study Site. Be sure to 
determine the location of your site by 
identifying the latitude, longitude and 
elevation following the GPS Protocol. 

4. Because the results of your green-up and 
green-down measurements may be related 
to temperature and precipitation data from 
the Atmosphere Investigation and soil 
moisture and temperature data from the 
Soil Investigation, it is better to choose a site 


your Green-down site, here are 
nsider. Green-up site selection 
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close to the Atmosphere and Soil Moisture 
Study Sites. The local topography can 
cause weather to vary even within short 
distances. This is particularly true in 
mountainous and coastal regions. The 
horizontal distance between the Phenology 
and Atmosphere and Soil Moisture Sites 
should be less than 2 kilometers and the 
elevation differences less than 100 meters, 
so that you can see whether your 
atmosphere data correlates with your 
green-up and green-down data. 


. Green-up and green-down detected by 


satellites are influenced mostly by a few 
dominant overstory plant species. These 
will be the species with the largest share of 
canopy coverage. If you are using a Land 
Cover Sample Site, you already know the 
dominant species. If you are using a 
different site, use the one to three over- 
story species that are dominant for your 
region. These over-story plants may be 
coniferous trees, broadleaf trees, broadleaf 
shrubs, or grasses. For phenology 
measurements you should choose a 
deciduous plant so, if the dominant plant 
species are all evergreen conifers, use the 
under-story broadleaf shrubs as your green- 
up plants. For example, if your study site is 
90 percent white pine (a coniferous tree) and 
10 percent sugar maple (a broad leaf tree), 
use the sugar maple trees as the study plants. 


. Scientifically, it is most useful if the tree or 


shrub branch used for the Green-Up 
Protocol is the same as the one used for the 
Green-Down Protocol. However, you may do 
only the green-up or green-down 
measurements or you may use different 
branches or even different sites if this is 
necessary to match your educational 
requirements. If you use different sites for 
green-up and green-down, create a site 
definition for each. 


. Since a change in plant growing season 


may be due to a change in climate, 

students at your school should try to use 
the same site, the same plant species, and 
the same part of the plant consistently, year 


after year. 
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Tree and Shrub Green-Up and 


Green-Down Site Selection 
Field Guide 


Task 


Define the site for green-up and green-down measurement of trees and shrubs. 


What You Need 

ü Green-Up and Green-Down Q Dichotomous keys and/or other local 
Site Definition Sheet species guides 

О GPS Data Sheet Û GPS receiver 

О GPS Protocol Field Guide О Compass 

Q Flagging tape or other durable Q Pencil or pen 


identification 


In the Field 
1. Complete the top of the Green-Up and Green-Down Site Definition Sheet. 


2. Select one tree or shrub. The tree or shrub should be among the dominant native species in 


your area, deciduous, and easily accessible. 


Hemisphere or the north side of the plant in the Southern Hemisphere. Use a compass or GPS 
Teceiver to determine direction. If a lower branch is chosen, it should be on the edge of the 
stand of trees or shrubs since branches inside a stand may experience a different microclimate 
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. Take a GPS measurement following the GPS Protocol. 
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crass Green-Up and 
Green-Down Site Selection 


Field Guide 


Task 


Define the site for green-up and green-down measurement of grasses. 


What You Need 
Û Green-Up and Green-Down О Pencil or pen 
Site Definition Sheet Û Nails or stakes or other durable identifiers 


0 GPS Data Sheet 
Û GPS Protocol Field Guide 


О Meter stick or tape measure 


О Dichotomous keys and/or other local species 
О GPS receiver guides 


) 


In the Field 
1. Complete the top of the Green-Up and Green-Down Site Definition Sheet. 


2. Identify genus using field guides or help of plant specialists. Record the genus on the Green- 
Up and Green-Down Site Definition Sheet. 


3. Select a one-meter square area dominated by grass plants. Mark your one-meter square plot 
with nails or stakes or other durable identifiers. 


^. Take a GPS measurement following the GPS Protocol. 
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Teacher Support 


Advance Preparation 


Students should complete the Estimating Cloud 
Cover: A Simulation Learning Activity in the 
Atmosphere I nvestigation prior to observing green- 
down. Students will estimate percentage of leaf 
colors in the green-down observations. 


Students should start their observations at least 
two weeks before expected green-down. 


Frequency of Observations 

For most areas of the world, there is only one 
green-up and green-down cycle. However, there 
are places where multiple wet and dry seasons 
can occur in a single year, resulting in multiple 
Breen-up and green-down cycles. Because of this 
possibility, we are asking you to report which cycle 
you are observing. If there is only one cycle, then 
you report green-down Cycle 1. The onset of the 
first green-down after 1 January is considered 
green-down cycle 1. 
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Measurement Procedure 
If lower branches are observed, t 


In some locations, the end of leaf Color chan 
will mark the end of the reporting period. y 


For each observation, students record the Color 
of the leaf using the GLOBE Plant Color Guide 
or if the leaf has fallen or been snow covered, ГА 
leaf has fallen, then no more observations can be 
made for that leaf. Depending on the SNOW event, 
reporting may end as well. The following page 
shows an example of a completed Data Sheet 


Questions for Further Investigation 
What other animals (butterflies, waterfowl, 
songbirds) migrate after plants green-down? 
When? Why? 

Does the timing of green-down occur earlier or 
later at higher elevations in your region? Why? 


Does the uming of green-down occur earlier or 
later inland or near the Coast in your region? Why? 


How do fallen plant leaves affect soil properties 
such as soil color, water-holding capacity, and soil 
nutrients? How could you find out? Why is this 
important? 
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example of Completed Green-Down Data Sheet 
Tree, Shrub, and Grass Green-Down 
pe Leaf 1 Leaf 2 Leaf 3 Leaf 4 Reported 
pained | Бшш ed а | M 
30 September 567A 3G7A 567/4 567/4 a 
3 October 567/4 5 G 7/4 567/4 2.5 Y 8/6 
т October 5G7A 2.5 Y 8/6 5G7A 2.5 Y 8/6 ك‎ 
ul October — | 5G 7/4 2.5 Y 8/6 2.5 Y 8/6 2.5Y 8/6 a 
14 October 5G7A 2.5 Y 8/6 2.5 Y 8/6 2.5 Y 8/6 4 
| 16 October 2.5 Y 8/6 2.5 Y 8/6 2.5 Y 8/6 2.5 Y 8/6 a 
| 20 October 2.5 Y 8/6 2.5 Y 8/6 2.5 Y 8/6 7.5 YR 6/4 0 
23 October 2.5 Y 8/6 2.5 ¥ 8/6 2.5 Y 8/6 7.5 YR 6/4 " 
27 October 2.5 Y 8/6 2.5 Y 8/6 2.5 Y 8/6 75664 О 
30 October 2.5 Y 8/6 2.5 Y 8/6 7.5 YR 6/4 7.5 YR 6/4 0 
4 November 2.5 ¥86 7.5 YR 6/4 7.5 YR 6/4 fallen | m) 
6 November 2.5 Y 8/6 7.5 YR 6/4 7.5 YR 6/4 a 
11 November 7.5 YR 6/4 7.5 YR 6/4 75YR64 | i] a 
) 14 November 7.5 YR 6/4 7.5 YR 6/4 7.5 YR 6/4 d 
17 November | 7.5 YR 6/4 fallen 75 YR6/4 | E 4 
22 November 7.5 YR 6/4 fallen a 
29 November | 7.5 YR 6/4 | Ө 
2 December snow covered Wea Q 
| a 
| 
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Tree and Shrub Green-Down Protoco| 


Field Guide 


Task 


Observe and record green-down in trees or shrubs. 


What You Need 


First visit only 
О Tree, Shrub, and Grass Q Compass 


Green-Down Data Sheet 


О Pencil or pen Q Fine-Tip Permanent Marker 


ü Camera О GLOBE Plant Color Guide 
Every visit 
Q GLOBE Plant Color Guide Q Tree, Shrub, and Grass 


Green-Down Data Sheet 
Û Pencil or pen 


In the Field 


First visit only/getting Started 
1. Complete the upper portion of your Data Sheet. 


2. Locate the leaf at the end of the branch. Label this leaf by marking one dot on the branch next 
to the leaf stem or petiole. Locate the three other leaves on this branch closest to this terminal 


Every visit 
1. Examine each of your four leaves. For each leaf, use the GLOBE Plant Color Guide to estimate 
the dominant Color of each leaf For example, if leaf 1 appears colored at 60 percent 5G 7/12 
and 40 percent 2.5 Y8/10, record the leaf color as 5G 7/12 for that observation date. 


* If leaf has fallen, report "fallen" and Stop reporting after that. 
* Otherwise, continue to report the color until the color stops changing. 
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Grass Green-Down Protocol 


Field Guide 


Task 


Observe and record green-down in grasses. 


what You Need 


О Tree, Shrub, and Grass О Compass 


Green-Down Data Sheet 
О Pencil or pen Û Fine-Tip Permanent Marker 


О Camera О GLOBE Plant Color Guide 
Every visit 
Ш GLOBE Plant Color Guide Û Tree, Shrub, and Grass 


мбай Green-Down Data Sheet 


In the Field 
First visit only/getting started 
1. Fill in the top of your Data Sheet. 
2. Look for the four longest green grass shoots. 


3. Mark the base of the longest grass shoot with a single dot. Mark the second longest 
two dots, the third with three dots and the fourth shoot with four dots. 


4. ings 
Take a photograph looking in the north, south, east, and west directions. 


shoot with 


Every visit 
1. Examine each of your four grass shoots. For eac 
iran the dominant color percentage of each s 
colored at 60 percent 5G 7/12 and 40 percent 2.5 Y 
that observation date. 


h shoot, use the GLOBE Plant Color Guide to 
hoot. For example, if shoot #1 appears 
8/10, record the shoot color as 5G 7/12 for 


2 А 
Record your observations for each shoot оп the Tree, Shrub, and Grass Green-Down Data Sheet. 


* If leaf is snow covered, report “snow covered”, 
А 
es has fallen, report “fallen” and stop reporting after that, 
therwise, continue to report the color until the color stops changing. 
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Frequently Asked Questions 

1. Should I use the same leaves I 
used for green-up? 

If possible, use the same branches or 


grass plot. If you use other plants try to select 
plants of the same Species. If the plants you use 
for green-down are at a different location than 


the ones you used for green-up, then define a 
new site. 


? ` 
ف ا‎ Protxol-10 Earth System SUE 


plant Phenology: 
Green-Down — 
Looking At Your Data 


Are the data reasonable? 

The first step in looking at plant phenology data 
is to see if the data seem reasonable and make 
sense. You should stop reporting for your selected 
leaves after the leaves fall off the trees or shrubs 
or when the leaves have stopped changing color. 
Figure EA-GD-1. shows the green-down data for 
Escuela de Ensenanza Media 7 Nicolas Copernico 
in Buenos Aires, Argentina. See how the leaves 
change color as the green-down season continues. 
The data collection ends after the leaves fall off. 
(Also notice the green-up data — it shows how 
fast the leaves grow, however, it would be good 
to know when budburst occurred and when leaf 
growth stopped.) 


Table EA-GD-1 shows a table of green-down data for 
another school. 


Date Leaf number LeafState Color 
20021021 1 Е 

20021021 2 Е 

20021021 В Е 

20021021 4 С 2.5Ү:8/12 
20021024 1 [ей GYA | 
20021024 2 С 5GY:5/10 
20021024 3 € 5GY:7/12 
20021024 4 E 5GY:4/10 


For leaves 1, 2 and 3, color is reported after the 
leaves fell off the tree. This may be an error in the 
data. Perhaps the dates were recorded incorrectly 
and what is reported for October 24 was meant 
to be for October 21. One way to find out is to 
contact the school and ask the teacher and students. 


Also, notice for leaf 4, there are two observations 
of color. It was yellow on October 21 (2.5Y:8/ 
12) and then was green again on the 24th (5GY:4/ 
8). Were the dates reported incorrect as may have 
been the case for leaves 1,2,3?Did the leaf 
continue to change color? If so, how did it change 
Color and for how long? Did it fall off the tree? 
From the data reported we cannot know. 


What do scientists look for in the data? 


Scientists are very interested in when leaves 
appear in spring and how quickly they expand. 
The timing and rate of fall leaf changes, such as 
color changes and leaf drop, are also important. 
It may seem strange that such easy to observe 
and common events are important for Earth 
System Science, but they are. These plant 
phenological events are directly related to global 
carbon fixation and the amount of carbon dioxide 
in the atmosphere. Also they affect and are affected 
by air temperature and humidity and soil 
moisture. 


For example, many scientists use data from a 
NASA sensor, the Moderate Resolution Imaging 
Spectrometer (MODIS), to monitor the seasonal 
dynamics of vegetation. Green-up/green-down 
data gathered by GLOBE students, using 
consistent methods all over the world, are one of 
the best tools with which to verify the accuracy 
of these satellite products. 


Computer models are one of the main research 
tools used by scientists to predict the future 
climate of the planet. Seasonal vegetation patterns 
and activity is an important component of this 
research. Many models contain programs that are 
used to predict the expansion of plant leaf 
material. Without data against which to compare 
these models, we cannot believe the model 
predictions. By using GLOBE green-up/green- 
down data to help develop these models, scientists 
will be able to better predict our future climate. 


Some applications of GLOBE data can be very 
specific, in particular when plant phenology is 
linked to other events. Many plant pests like gypsy 
moths appear during certain leaf developmental 
stages. By linking GLOBE green-up data with the 
appearance of gypsy moths, scientists are working 
to develop better pest treatment approaches. 

In short, by participating in the GLOBE Green- 
Up and Green-Down Protocols, you will be helping 
to gather data that scientists will use in many fields 
of Earth System Science, sometimes in 
unpredictable ways! 
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An Example of Student Research 

A teacher asked the students why do leaves change 
color in the fall? The students looked at each other 
and werent sure why. One student commented 


that he never thought about it and said that he 
just took it for granted - leaves turn color in the 
fall and eventually fall off the trees. After 


discussing reasons why leaves turn color and 

eventually fall off in preparation for the dormant 

vegetation stage during the winter season, the 

teacher asked if all leaves on all trees turn the same 

color. The students didn't think so because some 

N trees are red, others are orange, and others are 
Ф. brown or yellow. As a homework assignment, the 
teacher asked her students to look at green-down 

data on the GLOBE Web site and make some 


observations about how leaves turn color in the 
fall. 


The students were Somewhat familiar with the 
GLOBE maps and graphs and realized that sites 
are defined for all the data students collect. So, 
they wanted to see if there were any nifty maps 
or graphs for phenology sites. After clicking on 
Maps and Graphs on the navigation bar, they 
clicked on GLOBE Sites and then, Green-up/ 
Green-down Site Visualization. The new Page 


listed Phenology sites organized by country. They 
scrolled through the list of countries and schools 


The students made numerous Observations 


1. The initial green colors at the Start of 


were different for Larix deciduas, The 
looked at the table of data at the bottom of 
the graphs for each site and saw that the 
first two species Started with a color of 
5GY:4/8 and L, deciduas Started with 
5GY:7/12. 

2. The leaf color for A. incana did not change 
much and remained a dark green until the 
leaves were lost or fallen. 

3. The leaf color for B. pendula went from 
dark green to light green, then yellow. Two 
of the four leaves turned brown before lost 
or fallen, whereas the other two were more 
yellow. 

4. L. deciduas went from a light green to 
yellow and then orange for three of the 
leaves. The fourth leaf remained a yellow 
color. 

5. The leaves were lost or had fallen off the 
different trees on different days. The leaves 
for A. incana fell off around October 3; 
those for B. pendula around September 28 
and L. deciduas around October 27. 


The students concluded that different trees 
showed different color patterns during the fall, 
They completed their homework assignment to 
make some Observations on how leaves change 
color in the fall, but instead of wanting to move 
On to another topic in class, the students had many 
more questions! 


One student commented that they were only 
looking at data collected for one year. Will green- 
down start and end at the same time next year? 
Another student asked if each tree species showed 
the same color changes each year. What happens 
When there is an unusually dry or cold fall? A 
third student wanted to know if the same color 
changes will be found for these species at different 
locations in Finland as well as other countries. 


To answer some of their questions, they decided 
to contact someone in their community who 
knows about the local vegetation to find out aie 
about the tree species growing around them. 
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would do a search for other GLOBE 
schools to see if they can find green-down data 
for these species. T hen they would compare the 
color changes of the same species at different 
locations. They predicted that the same species 
would change colors in the same way at different 
locations. They decided to do an experiment: they 
would select native trees in their area and see if 
students in another area have been collecting 
green-down data for the same species. They will 
observe green-down during the next fall. They 
predict that the colors of the leaves during green- 
down for the tree species they select will be very 
similar to the colors observed by other students 
ina different area for the same tree species. 


well, they 
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Figure EA-GD-1 


® Greenup & Greendown Annual Site Profile 
^ — Escuela de Ensenanza Media 7 "Nicolas Copernico, Buenos Aires, AR 
2002: GRN-04 LOS SUPER M 


58.5361°W, 34.5094°S, 15.0 m, site type OTH, GREEN DOWN 
Site comments: Es un arbol que esta aproximadamente a un metro del paviment 


Nearest ATM site: ATM-01 COPERNICO 
58.5405*W, 34.6427°S, 21.8m,atdistance 0.0 m, in direction N 


1 GENUS/SPECIES: Fraxinus/americana, fresno 


- dormant © swelling + budburst —- growing WÎ color change V losfallen 
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Figure EA-GD-2 


leaf ID 3 [mm] leaf ID 2 [mm] leaf ID 1 [mm] 
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leaf ID 4 [mm] 


Daily Temperature [* [e] 


Greenup & Greendown Annual Site Profile 


Suomussalmen Lukio, Ammansaari, FI 
2002: GRN-01 Ruukinrinne 
28.9323*E, 64.9156*N, 2020 т, Site type OTH, Green-Up/Green-Down 
Site comments: A Sunny, dry SW-slope 
Nearest ATM site: ATM-01 School Location 
28.9342°Е, 64.8782°N, 211.0 т, at distance 0.0 m, in direction N 
T GENUS/SPECIES: Alnus/incana, Alder 


~ dormant © swelling + budburst —— growing ШШ color change v lost/fallon 


sS9s852s83 


Sessa, 


$85.52 


SESE. 


o3 


-20 
7] 


Daily Precipitation Imm] 


4 Ч hj 

n IU ЭЛЛА Vp nO WAT BUD Dee 
+ max T + mi : i env 

max * min T D ly A n nts ® rain * rain eqv. 


GLOBE" 2003 Green-down Protocol- 16 Earth System Science 


Figure EA-GD-3 


8 


leaf ID 3 [mm] leaf ID 2 [mm] leaf ID 1 [mm] 


leaf ID 4 [mm] 


Daily Temperature [^ C] 


Greenup & Greendown Annual Site Profile | 
Suomussalmen Lukio, Ammansaari, FI 


2002: GRN-02 Ruukinrinne 2 
28.9323°E, 64.9156°N, 202.0 m, site type OTH, Green-Up/Green-Down 
Site comments: A sunny, dry SW-slope 
Nearest ATM site: ATM-01 School Location 
28.9342°Е, 64.8782°N, 211.0 m, at distance 0.0 т, in direction N 


T GENUS/SPECIES: Betula/pendula, Silver Birch 
- dormant O swelling + budburst —— growing Wi color change + lost/fallen 
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Figure EA-GD-4 
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® Greenup & Greendown Annual Site Profile 
Suomussalmen Lukio, Ammansaari, Fl 


2002: GRN-03 Ruukinrinne 3 
28.9323*E, 64.9165°N, 202.0 m, site type OTH, Gren-Up/Down 
Site comments: A dry, sunny SW slope 
Nearest ATM site: ATM-01 School Location 
28.9342°Е, 64.8782°N, 211.0 m, at distance 0.0 m, indirection N 


T GENUS/SPECIES: Larix/decidua, Larch 
= dormant © 2] + budburst —— growing а ee. V lostfallen 
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Budburst Site Definition Sheet 


Green-Up and Green-Down Site Definition Sheet 
Budburst Data Sheet 

Tree and Shrub Green-Up Data Sheet 

Grass Green-Up Data Sheet 

Tree, Shrub, and Grass Green-Down Data Sheet 


Glossary 
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Earth System Science Investigation 


Budburst Site Definition Sheet 


School Name: Class or Group Name: 
o ЗИ 


Name(s) of student(s) filling in Data Sheet: 


Date: 
سے‎ 200 ЕЧ 
Site name (give your site а unique name): 


Coordinates: Latitude: ON or OS (check one) 
Longitude: O Eor O W (check one) 
Elevation: meters 


Source of Location Data (check one): 0 GPS O Other 


If other, describe: 


Tree or shrub 
Label 


Genus Species 


Comments (metadata): 


1. Are the trees or shrubs in the understory? 


2. At this site, are there more than one dominant species? 


Other comments: 
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Green-Up and Green-Down Site Definition Sheet 


school Name: 


Observer Names: 


Check one: О New Site O Metadata Update 


Date: 

Study Site name (give your site a unique name): 

Coordinates: Latitude: O N or O S (check one) 
Longitude: O E or W (check one) 


Elevation: meters 


Source of Location Data (check one): O GPS. O Other 


If other, describe: 


| Nearest Atmosphere Site: ATM- 
meters; Direction to Site: ON ONE OE OSE OS OSW ow ONW 


Distance to Site: 
Type of site: O Atmosphere Study Site C) Land Cover Sample Site О Other 


Ifother, describe: 


2 For each tree, shrub or grass plot, provide the following information. 
Species is NOT required for grasses. 


Tree, Shrub, or ] 
Grass Label 


Genus 


Species 


Common Name 


Comments: 


Scence 
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Budburst Protocol 


Data Sheet 


School Name: 


Name(s) of student(s) filling in Data Sheet: 


Class or Group Name: 


SS "—" 


Date: 


Site name (give your site a unique name): 


=== "wh ER 
Tree Tree 
Label: Label: 
+ "n | 
; ; 
Date Are tiny leaves | Сап budburst be | Are tiny leaves Can budburst be 
emerging? seen on 3 locations emerging? seen on 3 locations 
Yes or No on the tree? Yes or No on the tree? 
Yes or No Yes or No 
et —— 
Jr — و‎ 
ДЕ 
L —-4 
=} —ч 
\ 
E 
1 =| 
—| 
| 
Comments: 
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Tree and Shrub Green-Up Data Sheet 


School Name: 


Study Site: PHN- 


Observer Names: 


Plant Scientific Name: Genus Species: 
Plant Common Name: 
А le: Year: 
Green-Up Cycle Photo Number and Orientation 
Tree and Shrub Green-Up 
EE D] 
Date Leaf 1 Leaf 2 Leaf 3 Leaf 4 Reported 
(day and (dormant, swelling, (dormant, swelling, (dormant, swelling, (dormant, swelling, | to LOBE 
month) budburst, length (mm), | budburst, length (mm), | budburst, length (mm), | budburst, length (mm), 
J ) lost) lost) |р lost) 
| a 
IET Taa a 0 
ا‎ t mw ü zl 
+ E EE EEE | 
ies ENS E e 
—- i тарзе а 
Жл шш EE TRE 
aes mrs racionis Ший rau - IM 
a ДЕ!" 


| 


d 


—- 


| 


| 


| 


Check the last column on the ргееп-ир table when you report your dat 


Comments (date each comment): 


si 


a to GLOBE. 


[m 


| 


| 


| 


C 
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Grass Green-Up Data Sheet 


School Name: Study Site: PHN- 


NN 
Observer Names: 

a Name Gs  —  Àq 
Plant Common Name: 

Green-Up Cycle: purse Photo Number and Orie 5 


[34503 


Grass Green-Up 


Date Leaf 1 Leaf 2 Leaf 3 Leaf 4 Reported 
(day and (No shoot length (No shoot length (No shoot length (No shoot length | to GLOBE 
month) (mm), or lost) (mm), or lost) (mm), or lost) + (mm), or lost) 


ЕЕЕ ШЕЕ 2 сесара i | 

| О cS 
کے‎ 

Check the last column on the green-up table when you Teport your observations to GLOBE. 

Comments (date each comment): SA 
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Tree, shrub, and Grass Green-Down Data Sheet 
Study Site: PHN- 


School Name: 


Observer Names: 


Plant Scientific Name: Genus DOCET NA 


Plant Common Name: 
Year: 


Green-Down Cycle: 


Tree, Shrub, and Grass Green-Down 


PERPETUIS ETE SS oa 
Date Leaf 1 Leaf 2 Leaf 3 Leaf 4 Reported 
(day and (Color, fallen, (Color, fallen, (Color, fallen, (Color, fallen, to GLOBE 
month) snow covered) | snow covered) | snow covered) snow covered) 
| a 
Mp reo MP 8 ا‎ 
= 
4 EMQUE NE UN 
Jj aol ie e В 
е TE 
| ae 
حا‎ 
Q 
Q 


T | 
| 


à 
Check the last column on the green-up table when you report your observations to GLOBE. 


Comments (date each comment): 
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Abscission 


Separation of leaves or other structures 

from an axis by the formation of an layer 
that reduces and then cuts off the flow of 
water and nutrients between leaf and tree 


Acclimation 
Process by which plants become 
increasingly resistant to subfreezing 
temperature without sustaining injury. 

Adhesion 
Molecular attraction that holds the 
surfaces of two substances together e.g. 
attraction of water molecules to other 
kinds of molecules 

Aerosols 


Particles of solid and liquid suspended in 


the atmosphere 
Almost Closed System 


A system in which almost no matter enters 


or leaves; the Earth System is considered 
an almost closed System because only a 


small amount of gases and particles enter 


or leave the system at the top of the 


atmosphere. In studying the Earth as a 
whole you use 


Annotate 
To label 
Anthocyanin 


Pigment in leaves that is bright red and 
purple 
Aquifer 
A body of permeable tock or gravel 
capable of storing water underground 
Atmospheric Carbon 
Carbon that is in gaseous form (combined 
with other atoms like oxygen) that make 
up part of the Earth's atmosphere such as 
carbon dioxide and carbon monoxide 
Average Surface Temperature 
The surface temperature of the Earth 
averaged over a wide Tegion and over a 
long period of time 
AVHRR Satellite 


Satellite that carries the Advanced Very 
High Resolution Radiometer instrument 
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Axis 
The invisible straight line between the 
North and South poles 

Biogeochemical Cycles 
Movement of chemical elements from 
organisms to physical environment back 
to organisms in a circular Cycle 

Biomass 

Total mass of all the organisms of 
type or in an area or region 

Biome 


a given 


A major ecological community type (e.g. 
rain forest, grassland, desert) 
Biota 
All of the organisms living in a particular 
region, including plants, animals, and 
microorganisms 
Boreal 
Of or relating to northern regions or the 
Northern Hemisphere 
Boundary 
A line or a plane that divides two different 
areas or regions 
Broad-leafed Trees 
Trees that have wide and flat leaves rather 
than needlelike leaves 
Budburst 
The opening or breaking of buds which 
are hard protective covers containing 
miniature leaves. It is a seasonal event that 
signals the start of leaf growth or green-up 
Canopy 
The uppermost layer of plant leaves that 
are detected by satellite remote sensing 
Capillary Action 
Attraction of the surface of a liquid to the 
surface of a solid which is expressed as the 
readiness of a liquid such as water, to flow 
through a solid such as paper 
Carbon Cycle 
The movement of carbon through the 
surface, interior, and atmosphere of the 
Earth, which may involve organisms 
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Carbon Fixation 
The process by which carbon taken from 
the carbon dioxide in the air is 
incorporated in the cells of a plant or 
microorganism, such as in photosynthesis 


Carotene 
Pigment in leaves that is orange 


Celestial Sphere 
An imaginary sphere of infinite extent 
with the Earth at its center on which the 
stars, planets, and other heavenly bodies 
appear to be located 

Chemical Cycle 
The movement of various chemicals 
through the surface, interior, and 
atmosphere of the Earth and the chemical 
reactions that impact the form of those 
chemicals 

Chemical Energy 
The energy produced or absorbed in the 
process of a chemical reaction 

Chlorophyll 
A pigment which gives plants their green 
color and traps light energy for plants, 
algae, and some bacteria to use in making 
food 

Chromatography 
The separation of substances in a mixture 
by placing the mixture in a mobile phase 
(water or other solvent) that is placed over 
a stationary phase (e.g. paper) 

Climate 
The statistical collective of the weather 
conditions of a specified area during a 
specified time period 

Climate Cycles 
Alternating episodic climate events that 
recur with some regularity, but are not 
strictly periodic 

Climatic Island 
An area of uniform climate, such as a 
mountain top, that is isolated from other 
areas similar to it 

Climatogram 
A graph showing the long term average of 
temperature and precipitation totals for a 
region (a year or longer) 
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Climatograph 
See climatogram 

Closed System 
A system in which no matter enters or 
leaves 

Cohesion 
Force holding a solid or liquid together 
due to the attraction of like molecules, for 
example the attraction of water molecules 
to each other 

Components 
Parts of a whole 

Conifers/Coniferous 
Any cone-bearing trees, chiefly evergreen 
trees of the class Coniferinae, including 
pine, fir, and spruce that have needle-like 
leaves 

Connections 
Links between one component of the 
Earth system and another 

Consumers 
Living things that use resources in their 
environment to survive 

Continental Climate 
Climate characteristic of the interior ofa 
large land mass, generally marked by large 
annual and daily ranges of temperature, 
low relative humidity and generally 
moderate or small amounts of rainfall. 
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Contrast 
The ratio between maximum and 


minimum values 


Control 
An experimental set up and result against 


which other experiments that incorporate 
modifications or changes and the results of 
those experiments are compared 


Crown 
The leafy portion of a tree or shrub. Even 


the lowest branches of a tree or shrub are 
part of the crown 


Cryosphere (2 
Part of the Earth that is frozen, comprising, 


ice sheets, glaciers, and sea areas covered 
by ice 
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Dew Point 
The temperature to which air must be 
cooled to reach saturation of water vapor 
to occur 
Diagram 
A visual representation of a system used to 
communicate information about that 
System to others 
Diurnal 
Daily, as in diurnal rotation of the Earth 
Dormancy 
State of suspended growth and 
metabolism 
Earth System 
The components that comprise the 
environment of the Earth, including the 
atmosphere, hydrosphere, lithosphere, 
pedosphere (soils), cryosphere (ice), and 
biosphere, and the processes that cause 
them to interact 
Earth System Science 
An area of scientific investigation that 
focuses on the processes which take place 
in the atmosphere, hydrosphere, 
lithosphere, pedosphere (soils), 
cryosphere (ice), and biosphere and the 
processes that allow them to interact. 
Ecliptic 
Where the Earth’ orbit intersects the 
celestial sphere 
Ecologist 
A scientist who studies the relations 
between organisms and their environment 
Ecology 
The study of the relations between 
organisms and their environment 
Ecosystem 
A local biological community and its 
pattern of interaction with its environment 
Elevation 
The vertical distance above mean sea level 
Energy Cycle 
The movement of energy through the 
surface, interior, and atmosphere of the 
Earth in all of its forms 
Environment 
The surrounding conditions that affect the 
quality of life of plants and animals 


Environmental variables 
Physical properties that describe the state 
of the environment 
Equator 
An invisible circle that divides the Earth 
into two hemispheres 
Equatorial 
Located at the equator or in the plane of 
the equator 
Equinox 
(equal night) when the sun crosses the 
equator, causing the length of day and 
night to be equal in both hemispheres 
Estuary 
Semi-inclosed coastal body of water which 
has a free connection with the open sea 
Flux 
The amount of material flowing through a 
specified surface or system per unit time 
Fluxes 
The rate of flow of some quantity (such as 
water, energy or carbon for example) from 
one place or reservoir to another 
Frazzle Ice 
Known also as frazil ice, flowing water ice 
that forms platelets rather than continuous 
sheets on rivers and other moving bodies 
of water 
GIS 
Geographic Information System 
Grassland 
An area of natural vegetation dominated 
by grasses ( areas are called steppes or 
Prairies in temperate regions and 
savannahs in tropical regions) 
Green-down 
When plants start changing colors and/or 
lose their leaves at the end of the growing 
season 
Green-up 
When plants sprout new growth 
Grey-scale 
A range of tones from white to black that 
indicate on a map or other visualization 
the relative amounts of the quantity being 
described 


GLOBE* 2003 Appendix - 10 Earth System Science 


xipuosddy j 


Growing Season 
That part of the yearly plant growth cycle 


when vegetation comes out of winter 

dormancy, grows, and reproduces. 
Hemisphere 

Half of a spherical or roughly spherical 

body (such as the Earth) 


Icosahedron 
20-sided polyhedron 

Insolation 
The energy that comes to the Earth from 
the Sun (INcoming SOLar radiATION) 

Interconnections 
The processes by which the different 
components of the Earth system interact 
with each other 

Kinetic Energy 
The energy an object has because of its 
motion 

Land Cover 
Usually vegetation but in the absence of 
vegetation an indication of what is on the 
land surface 

Landmark Value 
The point on a color scale where the 
representative value undergoes a 
distinctive change 

Latent Heat 
The energy stored or used by a substance 
to produce a change in phase, either 
between solid and liquid, liquid and gas, 
or solid and gas 

Latitude 
The angular distance of a part of the Earth 
that is north or south of the Earths 
equator; a region of the Earth considered 
in relation to its distance from the equator 

Lichen 
A combination of an alga (or a 
cyanobacterium) and a fungus, living in 
symbiotic relationship characteristically 
forming a crustlike, scaly or branching 
growth on rocks or tree trunks 

Limiting Factor 
An ecosystem variable whose presence or 
absence limits the growth of the ecosystem 
elements 


Lithosphere 
The solid portion of the Earth 
Liverwort 
Moss-like plants that grow and help decay 
rocks or tree trunks on damp ground 
Longitude 
Distance measurement that goes from one 
pole to another pole around the outside of 
the Earth 
Map Projection 
The systematic arrangement of latitudes 
and longitudes (and associated surface 
features) that shows a curved surface on a 
flat plane 
Marine Climate 
Climate of a region that is affected by the 
sea. Generally characterized by mild 
winters, cool summers, and an even 
distribution of rainfall through the year 
Maxima 
(Plural of maximum) the greatest possible 
amount or degree 
Maximum Greenness 
When vegetation vigor peaks 
Mercator Projection 
A map projection of the Earth in which 
the latitude lines are drawn as straight 
lines the same length as the equator and 
cross the longitude lines at right angles. 
The biggest disadvantage is the distortion 
of the land near the poles 
Meridian 
An imaginary circle on the Earth's surface 
that passes through the North and South 
poles 
Mid-latitude 
The latitude range generally between 30 
degrees to 60 degrees 


NDVI ; 
Normalized Difference Vegetation Index 


Nitrogen Cycle 
A series of chemical processes, mostly 
occurring in organisms, in which nitrogen 
atoms are circulated in the Earth systems 
NOAA 
National Oceanograph 
Administration 
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Northern Hemisphere Potential Energy 
The half of the Earth that lies north of the The energy an object has or the objects 
equator stored capacity to do work because of its 


configuration and Position 

Potential Growing Season 
That part of the yearly temperature cycle 
when the temperature is above freezing, 


Ocean Currents 
The movement of ocean water in a regular 
way along a defined path that can either 
be cyclic or continuous 


Open System thus enabling plant growth to occur. 

A system in which mass and energy enter Processes 

and leave The progression of physical interactions 
Ozone between different components of the Earth 


system and between sub-components of 
the Earth system 

Producers 
Living things that as a result of their 
biologic processes release material into 
their environment that may be used by 
other living things 

Protractor 


One of the allotropes of oxygen (O3), 

sometimes referred to as tri-oxygen 
Perpendicular 

A line at right angles to a line or plane (for 

example, when you watch a sunset, you 

are standing perpendicular to the horizon) 
Petiole 

Slender stem that supports the leaf or leaf 


stalk A measuring device used to measure 
pH angles 
A measure of acidity on a scale of 0 to 14, | Region 
0 being all hydrogen ion (highly acidic), An area defined by a common feature or 
14 being no hydrogen, all hydroxyl ions features 
(highly basic) Relationships 
Phenology Processes by which different components 


of the Earth system, or parts of the 
components of the Earth system interact 
and affect each other 

Remote Sensing 
A method of obtaining information about 
something without coming into physical 
contact with it 

Reservoirs 
A space to store a substance, or a supply 
of a substance 

Resolution 
The smallest area that can be identified 
individually in a map or satellite picture, 
or the smallest measurable change in a 
quantity 

Respiration 
A process by organisms that converts the 
energy in organic materials into energy for 


The study of natural response of living 
organisms to seasonal and climatic 
changes in their environment. Examples of 
phenological events include migration of 
birds and butterflies, flowering, salmon 
Spawning, etc. Plant phenology includes 
Breen-up and green-down 

Photosynthesis 
The process used by green plants, algae 
and photosynthetic bacteria to use the 
energy of sunlight to convert carbon 
dioxide and water into carbohydrates, 
through the green pigment chlorophyll; 
this process releases oxygen and is the 
chief source of atmosphere 

Polar 
Regions on the Earth poleward of 60 
degrees latitude 


Polyhedron use by cells 
A solid formed or bounded by planes or Rural 
faces An area with very little man made 
Structures 
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Satellite 
Any natural or man made object that 

orbits an body in space, man made 
satellites usually carry instruments for 
measuring various things about the Earth 

Scale 
The regular markings on an instrument 
that permit the readings of a measured 
quantity, or the relative size of an object or 
area used to help define the processes that 
affect that object or area 

Seasonal Cycle 
The regular progression through the year 
through winter, spring, summer, and fall 

Senescence 
The changes that occur in an organism 
between maturity and death; in a plant 
this is equivalent to “green-down” and is 
associated with a reduction and/or halt of 
plant photosynthesis 

Sensible Heat 
The energy involved in heating (or cooling 
in the case of a loss of sensible heat) of a 
surface or object 

Solar Energy 
Energy coming from the sun 

Solstice 
(Stand still) when the sun is at its greatest 
distance from the equator, resulting in the 
longest day in one hemisphere and the 
shortest day in the other hemisphere; the 
sun appears to “stand still” when it reaches 
its highest point on this day 

Southern Hemisphere 
The half of the Earth that lies south of the 
equator 

Spatial Relationship 
Where bodies are located in regards to 
each other (e.g., the Sun and the Earth) 

Sub Polar 
A climate zone lying between the 
temperate and polar zones 

Sub Tropical 
A climate zone lying between the tropic 
and temperature zones 

Suburban 
An land area in which there is a mixture of 
man-made structures and open spaces 
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Surface Temperature 
The temperature of the surface or the air 
next to the surface of the Earth 

System 
A group of components that interact to 
produce a whole (in the case of the Earth 
system) or a specific results (in the case of 
a machine) 

Tannin 
Bitter waste product in leaves that is 
brown; common name for tannic acid or 
similar compounds 

Temperature 
A measure of the energy in an object or 
gas, measured with a thermometer 

Thermal inertia 
A material body's resistance to a change in 
temperature 

Time Scales 
The time period over which different 
processes occur ranging from seconds and 
minutes for the formation of clouds to 
billions of years for the formation of the 
Earth 

Transpiration 
Loss of water by plants mainly through the 
stomata to the atmosphere 

Tropic of Cancer 
The parallel of latitude 23° 27' north of the 
equator; the most northerly latitude at 
which the sun can shine directly overhead 

Tropic of Capricorn 
The parallel of latitude 23° 27' south of the 
equator; the most southerly latitude at 
which the sun can shine directly overhead 

Tropical 

Of, occurring in, or characteristic of the 
tropics 

Tundra 
Treeless plains that lie poleward of the tree 
line in the Arctic. Tundra lies mostly over 
permafrost and is not permanently 
covered with snow 


Urban ) 
Area mostly covered with man made 


structures 
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Variables 
A characteristic that can be measured and 
can assume different values 

Vegetation Vigor 
Amount of plant growth 

Visualization 
Display of information graphically or on a 
map using color or grey-scales, and/or 
lines and symbols 

Water Cycle 
The cycle by which water is moved 
between the different components of the 
Earth system (atmosphere, hydrosphere, 
lithosphere, pedosphere, cryosphere, and 
biosphere) in its various states (solid, 
liquid, and gas) 

Watershed 
The total area from Which water is drained 
by a river and its tributaries 

Weather 
The day to day state of the atmosphere, 
mainly with respect to its affect on life and 
human activities 

Winds 
The movement of air relative to the surface 
of the Earth 

Xanthrophyll 
Pigment in leaves that is yellow 
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How to Publicize GLOBE 
in Your Community 


The GLOBE program isa partnership among the 
U.S. Federal Government, the University 
Corporation for Atmospheric Research, other 
countries, U.S. state and local governments, 
schools, and the private sector. Outreach activities 
can help promote local interest in and support 
for your schools GLOBE Program activities. This 
section includes outreach ideas, tips on writing a 
press release and working with the media and 
sample press releases and articles, These materials 
are intended to be a Starting point. To achieve 
the best results, adapt them to your school and 
community. Also, encourage your students to 
develop their own outreach activities. 


GLOBE School Outreach Ideas 


* Hold a GLOBE Open House and invite 
local citizens (e.g. parents, school 
superintendents, city officials, other 
government officials, and environmental 
clubs) and the media to join students in 
taking scientific measurements and 
observations. Allow the students to 
demonstrate how they report the data via 
the Internet. Discuss the online, graphic 
visualizations of the GLOBE student data 
and let the students explain how their 
work contributed to the image and to 
their understanding of Earth’s 
environment. See Working with the Media 
in this section. 

* Schedule a school assembly or meeting 
with parents and teachers to recognize the 
GLOBE teacher and students. Students 
can make presentations of their data and 
research investigation and talk about what 
they have learned. 

* Help the students organize a GLOBE 
“Speakers Bureau” and seek opportunities 
to address local business and civic 
organizations. Students can demonstrate 
what they are learning about science, the 
environment and technology. 


* Invite professionals in the Environmental 
science, geography and technology fields 
to meet with GLOBE students, This will 
help the students to see the value of their 
work beyond the classroom While also 
helping these professionals learn more 
about GLOBE, 

* Have GLOBE students Submit articles and 
photographs to the local newspaper. The 
local newspaper may want to feature 
GLOBE student observations regularly on 
their education or *kids" Pages. Local 
television stations may be interested in 
including GLOBE data in their nightly 
weather reports or science and education 
features. 

* Show the GLOBE video to small Broups to 
help provide the overview of the program 
or let your students make their own 
GLOBE video or slide show. 


Working With The Media 


If you are contacted by the media or decide to 
seek media coverage of your GLOBE Program 
activities, the following hints may be helpful. Your 
local government or school public affairs office 
also might offer guidance. 


Developing Your Message and Knowing Your 
Subject Matter 

Take some time to decide exactly what it is you 
want the media to say about your GLOBE Program 
activities. Are you looking for coverage of a 
particular event, such as a GLOBE Open House, 
or are you hoping for a general feature story on 
the school activities? See Writing a GLOBE News 
Release and be sure to check the updated GLOBE 
Program information at www.globe.gov so that 
you can provide accurate answers to questions 
such as, “How many schools and how шау 
countries are involved?" Also, if you аге duoc 
about any aspect of the program, send an bo: 
message to: info@globe.gov and you will receiv 
à prompt response. 


Invitations 


E E А er or 
You may choose to invite just one local an 
М м е 1 
television station to visit your school ar a pal di 
time, or you can hold an event to which you 


:nviration is easier 10 
all local media. The single invitation is ea 
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conduct and reporters and editors are more likely 
to be attracted to an "exclusive. Multiple 
invitations require more preparation and work in 
carrying out, but can produce wider coverage of 
your GLOBE Program activities. Including 
dignitaries with the students may broaden media 
interest, yet students are “the story.” The choice 
ofasingle or multiple invitation well may depend 
on how much interest your news media has in 


GLOBE when you approach them. 


Establishing Key Media Contacts 

If you, your principal, or a GLOBE parent knows 
someone in a news organization, contact that 
individual first. If you dont have an inside contact, 
call the switchboard and ask for the name of 
reporters who cover environment, science, 
education or technology issues. Spend a few 
minutes on the phone explaining GLOBE and 
indicate that you will be sending additional 
materials, in the form of a brochure or press release 
or if you are planning a special event. Captivate 
their interest so that they will want to accept an 
invitation to visit your students. If they seem 


Figure TK-1: A Sample Newspaper Story on GLOBE 


disinterested or rushed, try again after a few weeks 
or, better yet, ask if there is someone else in the 
office they would suggest to contact. 


Timing Your Contacts 

Reporters need at least one week advance notice 
for special events, preferably two weeks. Follow 
up your press release with a phone call. Dont be 
afraid to call the day before to confirm attendance. 


Planning Your Event 

To ensure good turn-out, time your event to begin 
no earlier than 10:00 a.m. Make sure there is 
plenty of open space for cameras and 
microphones. Check with the news organizations 
ahead of time to see if they need access to electrical 
outlets or have other special needs. When a 
reporter arrives for an event, make sure someone 
is responsible for greeting the reporter and 
introducing the reporter to the principal, the 
GLOBE teacher, students, and any VIPs in 
attendance. Prepare a press package for each 
reporter with another copy of the press release, 
print-outs of GLOBE visualizations, a copy of the 
event agenda, and any other materials that help 
describe your GLOBE Program. 


Students collect data for GLOBE 


program 


Science methodology was introduced while choos 


By MARY BARKER 
Chronicle statt writer 


An elementary science program in Grand Haven 
Schools not only teaches students valuable research 


The Global Learning and 
Observations to Benefit the 


ing the site with a grid system aj proach to rating ро 

tential locations based on a val jety of criteria. 
They were asked to document their method o 

choosing a site and to reflect in writing on how an 


m—————-— methods, it also 

GRAND HAVEN has them pro- 
Te o. sd 
data being used around the world by scientists study- 
ing the environment. 

Griffin Elementary sixth-grade science teacher 
Roberta Cramer was the first to put her students to 
work measuring longitude, latitude and elevation 
with a Global Positioning System device, which uses 
relays from satellites in orbit above the earth. 


adm Global Learning and Observations to Benefit 
e Environment program, or GLOBE, is a hands-on 
project where students work under the guidance of 
SLOBE-trained teachers to make environmental ob- 
ations and measurements and report them to а 

central processing facility. 
angramer's students record minimum, maximum 
Eu average daily temperatures 11 a.m. each day. 
E pe uident also take note of the cloud cover and 
еси tion at that time. Water temperatures and 
sedi also are analyzed. The information is then 
puis the Internet information highway to 
Suugators and scientists all over the world who are 

tudying the environment. 
pa Gal images generated from the data are sent 

E to students for study. 
amer said scientists for years have been retriev- 
AE information about the environment from satellite 
вор aphs. The data being collected. by students 
the world is being used as a way to verify the 


Environment program, or 
GLOBE, is a hands-on project 
where students work under the 
guidance of GLOBE-trained 
teachers to make 
environmental observations and 
measurements. 


"The bottom line is students are learning science 
research, which is basically simple. Its a matter ог 
Seeuraey and collecting data over a long period o 


icti Браз Ш over the 
ications for scientists al 3 
be “Tt isn't often that kids are doing science [m 
Sill be used by other scientists. That is what mal 
this program unique." uss 
Before they could get down to the business of, СӨ" 
lecting information and sending it ‘around the globe. 


choosing a research 
built and donated by 
tary parent. 


Used wi 
sed with the permission of The Chronicle, Grand Haven, MI. 
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паранага Рангабе 


The science department at ће 
district high school is providing 
and related 


Learning and Ob- 
servations to Benefit the Environ- 
ment in Boulder, Co, 


Figure TK-2: A Sample Newspaper Story on GLOBE 


Project spurs 


qu 


Edward Fox, 14, measures the height of a tree outside Shepherd 


Hill with a clinometer. 


States and other countries gath- 
ering information so scientists 
can get a better understanding of 
the environment.” 

Students in last year's fresh- 
man science class walked the 
hilltop campus, identifying areas 
that might be used for ongoing 
weather and moisture readings 
and biometrics, the statistical 
‘study of biological data. 


Hill readings 
are fixed to a 15-kilometer square 
that 


the Dudley-Oxford Road school. 
They recently checked tree leaf 
growth above a given section to 
determine the amount of sunlight 
that reaches the ground. The 
tests will record plant growth 
through the four seasons. 

The Shepherd Hill program 
has been mostly outside to date, 
but it will become an in-class ac- 
tivity as the weather turns cold, 
Surozenski said. While important 
and part of the process, field 
readings will be limited. “We'll 
be into the computer end of it 
when we can’t get outside.” 

‘The program has been well ac- 
cepted by the school's science 
classes, Surozenski says. There's 
а sense of accomplishment, the 


student growth 


Although a ninth-grade 
‘volunteer he 


Debra Warms and her two 
Christopher, a Ath-grader эш 
Jonathan, a , ав 
sumed responsibility for. readings 
through the second Week in July, 


reorganized and Surozenski 
sought help, Debra Warms said, 
“He ended up with us," she Said, 
“We enjoyed going up there.” 
‘HANDS-ON APPROACH’ 

Surozenski and about 20 stu- 
dents were in a wooded section 
behind the school yesterday af- 
ternoon. The ninth-graders, most- 
ly from the Chariton side of the 
two-town district, said the Globe 
science project offers a hands-on 
approach to science. 

“It is a lot of fun because the 
information can be used in so 
many great ways,” Tony Almeida 
said. 


Enthusiasm for the project has 
brought Almeida to school on 
weekends, Surozenski said, Al- 
meida and his parents, ee 
and J A. Jr., are among 
id visit the Dudley- 
Oxford Road campus when the 
school is closed. 

Science is interesting but the 
outdoor sessions add a dimension 
to the school day, Jessica Beesley. 
said. Zoe Ferris offered a similar 
note. Besides this, good grades 
are likely, she predicted. 

"It's hands-on experience, not 
like sitting in a classroom,” An- 
drea Bardier said while drawing 
measurements on a form. 


Used with the Permission of the Telegram & Gazette, Worcester, MA 


Follow-up 

After a media visit to your GLOBE school, call 
the news organization to make sure they have all 
the information they need. If there are significant 
inaccuracies in the story, you should Politely 
notify the news organization of the errors. 


Writing a GLOBE News Release 


Five points are important to a good news release: 
Who, What, When, Where and Why. If 
Possible, a sixth, How, should be included. It is 
important to get all these points in the first 
Sentence or two. Use short words and write short 
sentences and short paragraphs. Two sentences 
make a good Paragraph in a news release. Almost 
every news release can be written on one or two 
typewritten pages, 


Remember 

* Always give exact date, time, and location 
of your event, including the location for 
media parking and specific entrance 
information 

* Provide at least a two- or three-sentence 
description of the overall GLOBE ae 
including information on the number 0 
schools and countries involved. 

(Check www.globe.gov for up-to-date 
information.) 

* Check every point of your release for 
accuracy. Never guess on dates, times, 
places, or spelling of names. 

* Put school contact person and phone 
number at the top corner of the er: 
and print the release on school letterhead. 


GLOBE* 2003 6 


Toolkit 


3:A Sample Press Release 


Sample Press Release ContactName 
phone number 
email address 
School 


LOCAL STUDENTS ASSIST WORLD SCIENTISTS 
COLLECT ENVIRONMENTAL DATA 


Students at (NAME OF SCHOOL) are joining an international network of 
young people taking scientific measurements of Earth systems and sharing their 
observations with other students and scientists around the world using state-of-the- 


art technology systems. 


(NAME OF SCHOOL) is joining the GLOBE Program, an international 
environmental science and education partnership. GLOBE students are contributing 
to a better understanding of the planet by making regular research observations at 
thousands of locations around the world and sharing their information via the Internet. 


(Teacher's Name) attended a workshop with GLOBE scientists and educators 
for instruction on the measurement procedures and the GLOBE computer technology 


system. 


(INSERT GLOBE TEACHER QUOTE) 


Students will select a study site near the school where they will take regular 
measurements of various atmospheric, hydrological, biological, and geological 
features. The students will then send their findings via the Internet to a GLOBE data 
processing facility. Their data will be combined with input from other GLOBE schools 
around the world and with other science sources, such as satellite imagery, to create 
dynamic, online images of Earth. The GLOBE student data are available to the 
general public on the World Wide Web at www.globe.gov. 

The GLOBE Program is jointly funded and coordinated by the National | 
Aeronautics and Space Administration and the National Science Foundation and with 
help from the U.S. Department of State. GLOBE is operated on behalf of NASA by 
the University Corporation for Atmospheric Research. (Insert: Local support for 
GLOBE activities is being provided by ...) 

For more information, contact (Insert GLOBE Teacher Name and phone 
number) 
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Introduction to 
Remote Sensing 


Introduction 


All of us perceive the environment with our senses. 
Some senses require us to come in contact with 
what we are sensing - we touch and taste. Some 
senses allow us to perceive objects at a distance - 
We see and hear. In this second case, we are 
sensing objects or phenomena that are remote 
from our eyes or ears - we are doing remote 
sensing. By using the microscope, telescope, 
camera and film, microphone, amplifier, and 
speaker, and video camera and television we 
expand our remote sensing capabilities, These 
technologies allow us to see farther, to observe 
finer details, and to perceive fainter signals than 
our unaided senses. 


Our remote sensing capabilities come in a mobile 
package complete with an energy source and data 
Processing and storage facilities - we turn our 
heads to gaze in different directions, move to get 
a better view or to hear more clearly, make 
decisions based on what we sense, and remember 
sights and sounds. To see more of the environment 
around us, we can climb a ladder, a tree, or a hill 
and gain a wider view. Until the advent of hot-air 
balloons in the last century, these were the only 
ways for humans to get a bird’ eye view of the 
Earth. With the invention of cameras in the mid- 
18005, people began to make aerial photographs 
from balloons. One of the first balloon 
photographs was of Boston, Massachusetts, USA, 
taken in 1860 from 1200 feet above the city. A 
Particularly intriguing photograph was taken of 
the 1906 San Francisco earthquake and fire using 
an array of 17 kites moored to a boat anchored in 
San Francisco Bay! 


GLOBE* 2003 


Satellite (TIROS 1). The TIROS series 
initially focused on Providing images oq 
and were the predecessors of the Present Nal 
Oceanic and Atmospheric Administra 
(NOAA) polar-orbiting weather satellites, The fis 
remote sensing satellite focused on the lang 
surface was the Earth Resources Technolo 
Satellite (ERTS 1) launched by the National 
Aeronautics and Space Administration (NASA, 
July 1972. Later, this satellite was renamed 
Landsat 1, and became the first of a Series of 
Landsat satellites designed to image and map land 
surface features. Today, there are dozens of 
environmental satellites launched and Operated 
by various Countries and multinational 
organizations, 


Of satellites 


Initially, the costs associated with these 
technologies restricted their use to large 
government and private organizations. More 
recently, the power of desktop computing and the 
proliferation of satellites from many countries have 
opened this frontier to people everywhere. Now, 
small colleges and businesses, elementary and 
secondary schools, land planners, environmental 
Broups, and even individuals make use of satellite 
remote sensing technology. 


Various images derived by remote sensing 
techniques appear throughout this guide. Some 
look like photographs — indeed some are 
photographs. The Blue Marble, perhaps the most 
famous image of the Earth from space, is a 
photograph taken by Apollo 17 astronauts on their 
Journey to the Moon in December 1972. See 
Figure TK-4. Other images may look to you like 
abstract paintings. Today, most remote Fe. 
images are not photographs; they are dip 
images sensed on solid-state detectors an 
converted to numbers which are transmitted, 
stored, and displayed by computers. The р 
sensing instruments оп Landsat produce pro 
of digital image. Wherever possible, each "€ 
school is provided with an image of its G A 
Study Site taken from a Landsat satellite by 
instrument named Thematic Mapper (TM). 
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тк-4: The Blue Marble-Photograph taken from Apollo 17, December 1972 
Figure TK-4: 


Source: NASA 
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erties of a GLOBE Study Site 
im e ne. Mapper Measure? 
The TMS sensors record visible and infrared (IR) 
sunlight that is reflected from the Earth outward 
into space. Thematic Mapper also includes 
sensors that. detect IR radiation or light that is 
emitted by the Earth, but this part of ТМ5 


capabilities are not used in GLOBE. 


visible light is electromagnetic radiation or light 
waves that can be detected by our principle remote 
sensing capability, the human eye. It is said that 
the human eye provides us with about 90% of 
the information we receive about our 
environment. Visible light, however, is only a 
small part of a very large continuum of light 
waves. See Figure TK-5. This radiation forms a 
continuous spectrum in which the differing waves 


Visible 


Ultraviolet 


Figure TK-5: Wavelengths of Electromagnetic Radiation 


are characterized by their wavelengths. 
Wavelengths are commonly measured in one of 
two units, the micron (micrometer, pm), where 1 
pm = 1 x 10? m (0.000001 m), or the nanometer 
(nm) where 1 nm = 1 x 10? m (0.000000001 m). 
The shortest wavelengths are associated with 
gamma rays, whose wavelengths are about 10° 
um, while at the long end of the scale, radio and 
TV waves have wavelengths of 10° pm (=100 
meters). Visible light lies close to the middle of 
this spectrum with violet light being the shortest 
wavelength, and red light the longest. Measured 
in nanometers, the wavelengths of visible light 
range from 400 nm for violet to 700 nm for red. 


On either side of the wavelength band of visible 
radiation are other wavelengths of value in remote 
sensing. At wavelengths just longer than visible 


Wavelengths are given 
in meters. 
Near Inrared 


Source: GLOBE 


Wavelengths of visible light: 


Blue visible light: 


4.5 x 107 meters 


Green visible light: 5.5 x 107 meters 


Red visible light: 


6.5 x 107 meters 


(or band) of wavelengths for that type of 


The labeled wavelengths in the electromagnetic spectrum diagram are the center of û Né ^^ orange, yellow, green, blue, and 


wave. The types of waves are not clearly separated. Think about a rainbow with its bands of 
olet light. The colors of the visible light waves blend into one another. For our purposes, We 


ofthe range) in the diagram. 


will use the labeled wavelength (center 
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Figure TK-6: Wavelength 


Wavelength 
— 


AAA NNR 


Wavelength is defined as the distance between two successive 
crests (or troughs) in a wave, as shown above. 


When you think of wavelengths of radiation you can think of 
ocean waves. Wavelengths are measured from the crest of 
one wave to the crest of the next. Think of waves you have 
seen on lakes or the ocean. How far apart were the crests of 
those waves? 


light are the three bands of infrared light-near, 
middle, and thermal. The image of the GLOBE 
Study Site is provided in TMS three visible bands 
(blue, green, and red), one near IR band, and 
one of its two middle IR bands. These visible and 
infrared data are used to assess extent and the 
health of crops, forests, and other forms of 
vegetative cover. 


In each band, the TM measures the intensity of 
light reaching its detector from a specific place 
on the Farth and records this intensity as a 
number ranging from 0 to 255. In the binary or 
base 2 system of counting, it takes eight digits or 
places to count up to 255 and since each binary 
digit is referred to as a bit, TM is said to provide 
eight-bit data. The detectors and optics of TM 
Were constructed so that from the 705 km orbital 
altitude of Landsat, the specific place reflecting 


Figure TK-7: Gridded Landscape 
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light into an individual detector is 30 
on the Earths surface, Because of tl 
described as having a Spatial resoluti 
Objects on the surface which are sm; 


m by 30 m 
his, TM is 


Satellite Images 


A picture of a large area of the Earths surface can 
be produced by assembling the intensities 
measured for many adjacent 30 m by 30 m areas, 
If you look at a computer or television screen or 
at à pictures in а newspaper or comic book 
through a magnifying glass you will see small 
individual dots of color. Our €yes normally see 
this array of dots as a Continuous image. Fach of 
the dots is a picture element or pixel. To produce 
a digital image using TM data, a computer uses 
each intensity value to determine the brightness 
of one pixel on its screen. When fully displayed, 
each pixel in an image on the computer screen 
corresponds to a particular location on the Earth, 
This concept can be observed in the blockiness 
that is apparent when one blows up or zooms in 
to view a digital image more closely. See Figure 
TK-8. 


Figure TK-8: AVHRR Image 


15 pixels x 15 pixels 


Source: NASA 


A false color infrared image of New England from the Advanced Very 
High Resolution Radiometer (AVHRR) sensor aboard a NOAA polar 
orbiting satellite. Each pixel in this scene is approximately 1.1 km on a 
side. The enlarged section shows a 15 pixel by 15 pixel area which is 
roughly the size as а GLOBE Study Site and which includes roughly 
the same section of Portsmouth, N.H., 5 Figures TK-9 through TK-12. 
The brightest pixels in this enlarged section represent the runway and 
apron area used to park aircraft and service vehicles 
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Landsat Multispectral Scanner — 80m pixel Landsat Thematic Mapper – 30m pixel 


Figure TK-9 Figure TK-10 
This Landsat Thematic Mapper Image shows the Same area as The Landsat Thematic Mapper Image of the same area as Figures 
resolution Multispectral Scanner flown TK-8 and TK-9 with 30 m. In this view, main roads are visible 
aboard the first five Landsat Satellites. In this view, the Parking These data have a high enough resolution to see features as small 
area is seen, but few other ground details are visible. as a house. They are Preferred for many types of ecological and 
environmental studies as they have both high spatial and. Spectral 
resolution. 


T. / y і 
SPOT Multispectral Scanner – 20m pixel SPOT Panchromatic Band — 10m pixel 


Figure TK-11 Figure TK-12 iles 
Pease, N.H. at the 20 m resolution of the French SPOT satellite's Pease, N.H. at the 10m resolution of the French SPI OT satelite 
Multispectral Scanner. in this view, Secondary roads and roma | 
Structures can be seen, 


i i РЕР еп 
Source: Used with Permission of the Earth Day Forest Watch Program, University of New Hampshire, Dr. Barry Rock and Mr. Gary Laut 


Panchromatic imager. 
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Figure TK-13: Land-water area of Canberra, Australia, 
viewed in the near-infrared band only. Note that the 
water appears black. Source: EROS Data Center 


Figures TK-9 through TK-12 show several 
satellite views of approximately the same area, 
the Pease International Tradeport in Portsmouth, 
New Hampshire, USA at several different spatial 
resolutions to demonstrate the effect of pixel size 
on image quality. 


As the size of a pixel decreases, the amount of 
information needed to make an image of the same 
size area on the ground increases. Limitations in 
computer storage can make it impractical to use 
high resolution data when studying very large 
areas. The purpose of an investigation must 
therefore be considered when deciding which 
satellite or other remote sensor(s) to use. For 
GLOBE the 30 m by 30 m pixel size of Landsat is 
most appropriate. With this pixel size, the 15 km 
by 15 km area of a GLOBE Study Site can be 
covered by an image of 512 pixels by 512 pixels. 
Storing each TM band of such an image requires 
256k bytes of memory and five bands fit nicely 
on a single floppy disk. 


Our eyes can see in color as well as in black and 
white. If only one band of TM data is used to 
construct an image, it can be fully represented 
using 256 different shades of gray which our eye 
perceives as amounts of brightness. See Figures 
TK-12 and TK-13. The full range of colors we 
see can be produced by combining light of three 
different colors, for instance red, green, and blue 
on a computer screen or yellow, red, and blue 


when mixing paints. See Figure TK-14. On the 
computer screen or on a printed image, each pixel 
is produced by a combination of red, green, and 
blue. This allows us to view images of three 
different bands of TM data simultaneously. If we 
let the intensity of the red band of TM determine 
the amount of red in the corresponding pixel, the 
green band determine the amount of green, and 
the blue band the amount of blue, the resulting 
image will closely resemble what our eye would 
see looking down at the Earths surface and is 
referred to as a visible image. Alternatively, the 
red portion of each pixel can be determined by 
the intensity of near IR light detected by TM, the 
green determined by the intensity of red light, 
and the blue determined by the intensity of green 
light to produce a false color infrared image roughly 
corresponding to IR sensitive camera film. Figure 
TK-15 shows such an image of a land and water 
area in Prague, the Czech Republic. Other band 
combinations are also possible, but in each case 
we are limited by the capability of our eyes to 
seeing at most three bands of TM ina single image. 


Spectral Patterns 

Lets consider what the different colors mean. 
When white sunlight (comprised of all colors) is 
incident on an object, some of the colors are 
absorbed and others are reflected. For example, 
an object that appears red is reflecting red light 
while absorbing all other colors. See Figure TK- 
ht is reflected, the object 


16. If all incident lig 
appears white, whereas if all the light is absorbed, 


the object appears black. 

to interpreting multispectral data 15 
reflectance properties of 
bjects viewed by the sensor. 
The tendency of an object to reflect or absorb solar 
radiation at different wavelengths gives rise to its 
spectral pattern. See Figure TK-14. Just as a person 
can be identified by his or her picture, spectral 
and spatial patterns can be combined to identily 


a remotely sensed object OF surface feature. We 
can predict the spectral patterns of objects ae 
the range of visible light, since this is the een 
region that we see. For example, we would pre ict 
the ocean to have a higher reflectance m blue 


spectral bands and the ocean appears blue in a 


The key 
understanding the 
different surfaces or о 
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visible image because most of the light entering 
the ocean is absorbed, while only the blue light 
is reflected. We would expect vegetation to have 
high reflectance in green because leaves are green, 
and so forth, 


TM is not limited to detecting only in the visible 
range. Scientists have learned to interpret 
reflectance patterns outside the visible spectral 
region, and, in many instances, it is this invisible 
information that accounts for the power of 
multispectral imagery. Near infrared (NIR) 
radiation is almost completely absorbed by water, 
Whereas land and particularly vegetation have 
high reflectance in the NIR region. Thus, the NIR 
bands are useful in differentiating land and water. 
In addition, the NIR bands are useful in locating 
and identifying different Species of vegetation, and 
in determining whether or not particular plants 
healthy or diseased. Middle infrared (MIR) bands 
are sensitive to moisture content and, therefore, 
they are also useful in vegetation studies, 


Satellite Orbits and Instruments and 
the Timing and Frequency of 
Observation 

Another important aspect of satellite remote 
Sensing is the frequency of coverage, that is, how 
often the satellite Passes over a location on the 
Earth’ surface. This is determined by the orbit in 


Figure TK-14: Reflectance of Some Targets 
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which the satellite is Placed and the widt 
area it images on the Earth’s surface. Th, 
the orbital altitude, the longer the time 
for the satellite to orbit the Earth, As 
tule, the smaller the size of the pixels in 
sensing instrument, the narrower its field Of View, 
The orbit of Landsat and the width of the ТМ 
image area were chosen to provide Coverage of 
every place on the Earths surface at least once 
every 16 days (except for small Tegions 
surrounding the poles which are never imaged), 


h of the 
e higher 
Téquireg 
a general 


The orbit was also chosen so that Landsat always 
Passes overhead at the same local time each day, 
At the equator this time is about 9:45 am, Such 
orbits are called sun-Synchronous, Sun angles, 
shadows and other such effects visible in TM 
images remain similar or vary slowly in 
predictable ways. 


As the Earth progresses through the Seasons, the 
reflectivity of the land surface changes principally 
due to changes in vegetation and the distribution 
of snow cover and sea ice. The changes in 
vegetation occur slowly as a result of seasonal 
changes in deciduous plants and the amount of 
moisture available to plants resulting from 
seasonal Precipitation patterns. 


——"—— Dry Bare Soil 


— —€- — - Green Vegetation 
——4—- Clear Water 


— —9——— Turbid Water 


Toolkit 


ge of Prague 


Ise Color Composite Ima 


Cw 
э p] zm 


аер 


ve Colors 


Figure TK- 16: Visual Primary Additive and Secondary Subtracti 
White Light 


2 E Primary Subtractive Colors 


Primary Additive Colors 
Red „4 E 3E P Magenta 


Green ux AH p 
з ДЫ Lo AD zo 


reflected 


absorbed 
ل‎ 
e colors found in 


duced when objects absorb and reflect different combinations of th 


Ьа 


Additive Prim 
" агу and Secondary colo 
White light. Source: GLOBE ry colors are prot 


Toolkit 


GLOBE* 
2003 i7 


Үл Ө Re Жым, 


0-4 V et, om 3 


И 
Fin EL “ip. фе Ase ә iec bit 

pe T Э з ME Д улууу; "yv Tue 
n 


"po лү 


GLOBE Measurements and 
Their Instruments 


GLOBE environmental m 


Soils, and Phenology. The fol 


easurements are in five study areas: Atmosphere/Climate, Hydrology, Land 
lowing pages summarize the current specifications for the 


Cover/Biology, 
instruments. The GLOBE measurements and instruments are differentiated by skill level. 
Measurement Instrument Skill Level | 
Atmosphere/Climate 
Cloud and Contrails Cloud chart All 
Cover/Type 
Aerosols Sun photometer, digital Middle, Secondary 
voltmeter 
——— 
Water Vapor GLOBE/GIFTS Water Vapor Middle, Secondary 


Instrument 


Barometric Pressure* 


or digital barometer 


Relative Humidity 


Digital Hygrometer, 


Maximum/minimum) 


Aneroid barometer or altimeter All 
All 
Thermometer (calibration or 
:لإ‎ 
All 


Sling Psychrometer, Instrument 


shelter, Calibration thermometer 


Precipitation, Liquid 


Rain gauge 


Precipitation, Solid 


Snowboard, Rain gauge, 


Snow depth pole ر‎ 2 ДЫ ма ае 


* See the full e-guide version of ће Teachers Guide availa 
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Precipitation pH pH indicator paper Primary 
pH pen, two pH buffers Middle 
(7 and 4 or 10) 
pH meter, three pH buffers Secondary 
(7, 4, and 10) ul 
i E 
Air Temperature: Maximum, Maximum/Minimum All 
Minimum, and Current thermometer, Calibration 
thermometer, Instrument 
shelter ال‎ 
Surface Temperature Infrared Thermometer (IRD Middle, Secondary tj 
zt 
Surface Ozone Ozone test strip scanner, ozone All 
chemical test strips, 02016 
measurement station, sealable 
bags, wind direction device jd 
ble on the GLOBE Web site and CD-ROM. 
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Water Temperature 


Measurement Instrument ETE 
Hydrology ч 
Transparency — Secchi Disk, 5 m rope All 
Deep Water Sites Only 
Transparency — Turbidity tube All 
Surface Water 
Organic liquid-filled All 


Dissolved Oxygen 


Water pH 


Electrical Conductivity – 
Fresh Water Sites Only 


Salinity — Brackish and 
Salt Water Sites 


Salinity Titration Method*— 
Brackish and Salt Water Sites 


Soil Characterization — Field 
Slope, Horizon Depth, 
Structure, Color, Consistence 


Texture, Carbonates 


Soil Characterization — Lab 
Bulk Density, 
Particle Size, 
Particle Density, 
Soil pH, Fertility 


Soil Moisture 


Teachers Guide 


thermometer 
Dissolved oxygen kit Middle, Secondary 
eee 


PH indicator paper 
PH meter, three pH buffers 


(7,4, and 10) 


Total dissolved solids 
(conductivity) tester, 
calibration solution 


Hydrometer, 500 mL clear 
plastic graduated cylinder, 
organic liquid-filled 


thermometer 


Salinity kit 


Water alkalinity kit 


Water Nitrate kit 


Clinometer, Camera, Meter 
stick, Color chart, Sample 
cans, Other containers, 
Shovel or Auger 


Drying oven, 100 mL Graduated | АП 
cylinder, 500 mL clear plastic 
graduated cylinder, Hydrometer, 
Thermometer, Dispersing 
solution, 100 mL Erlenmeyer 
flask, heat Source, pH paper, 
pen or meter and 


Soil NPK kit 


Balance, Meter stick, Drying 
oven (soils), Sample Cans, 
Other soil containers, 

Auger (depth sampling), 

50 m tape measure (transect) 


Primary 
Middle, Secondary 


All 


All 


Optional 
Middle, Secondary 


Middle, Secondary 
Middle, Secondary 


All 


All 


available on the GLOBE Web site and CD-ROM. 


* See the full €-guide version of the = 
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Measurement 


| Instrument 


Skill Level 


Soil 


Soil moisture meter, 


L 
Optional, Secondary 


SE EA 


Species Identification 


Biometry 
Tree Circumference 
Tree Height 
Canopy Cover 
Ground Cover 


Biometry 
Grass Biomass 


GPS 


Latitude and Longitude 
of study sites 


* See the full e-guide version of the Teachers Guide available 
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jl Moisture Meter* 
= Gypsum blocks, PVC piping 1 
infiltration* Dual ring infiltrometer | Optional, All 
[ сой Temperature Soil thermometer | Ай 
Automated Soil and Air 4-Channel data logger and Optional 
Monitoring Protocol* software, 1 Air temperature Middle, Secondary 
sensor, 3 Soil temperature 
sensors, Data logger-to-computer 
interface cable, Watertight box, 
Desiccant, Instrument shelter 
Earth as a System 
ТҮҮ | 
Green-Up Local plant identification guide, | All 
Compass, Camera, mm ruler 
Green-Down Local plant identification guide, | All 
Compass, Camera, GLOBE 
Plant Color Guide A AAR een oM 
Budburst Local plant identification guide А 
| Land Cover/Biology MEE So S oe oU 
Land Cover Mapping Remote sensing image, All 


Jl MultiSpec software (optional) 


Dichotomous keys All 
Clinometer and densiometer All 
(both may be student-made), 
50 m tape measure 
drying oven (plants) All 
ل‎ 
Global Positioning System All 
receiver 
on the GLOBE Web site and CD-ROM. 
Toolkit 
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Scientific Instruments for 
GLOBE Measurements 


in a kit for all advanced protocols. (E) indicates that purchase of this instrument is extra and that it js 
not included in a kit either because most schools should already have access to one, because Schools 
in an area can reasonably share one instrument, or because the instrument is needed only if certain 
options within the GLOBE protocols are chosen. (C) indicates that the instrument can be constructed 


Instrument Measurement | Skill Level 
Cloud Cover/Type | All 
Digital Hygrometer Relative Humidity All 
Sling Psychrometer | ems | Relative Humidity All 
Maximum/Minimum Air Temperature - 
Thermometer Max/Min.and Current 
(digital or U-shaped) Temperature All 
Calibration thermometer Air Temperature, Relative All 
(Organic liquid-filled Humidity, Water Temperature, 
thermometer) Salinity, Soil Particle Size 
Instrument Shelter BM,S,C Air Temperature, Relative All 
Humidity, Automated Soil and 
Air Temperature 
= T 
PM,S Precipitation, Liquid, Solid All 
Snowboard i M Precipitation, Solid All 
Snow depth pole | BG Precipitation, Solid All 
PH indicator Paper P Precip. pH, Water pH, Primary 
Soil pH 
"One copy Provided to each GLOBE teacher at training. 
? Only one of these Instruments should be included in any one GLOBE kit 
Toolkit 
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Basic Measurements (continued) Ж 
Instrument КІТ(Р,М,5,Е,А,М) | Measurement Skill Level 
pH 7 buffer MSC Precip. pH, Water pH, Middle, 
Soil pH Secondary 
} 
pH meter MSS Precip. pH, Water pH, Secondary 
Soil pH 
pH 4 and pH 10 buffers M,S,C Precip. pH, Water pH, Middle 
Soil pH Secondary 
а 
Total dissolved solids Electrical Conductivity - All 
(conductivity) tester BM,S? Fresh water sites only 
T ااا‎ 
calibration solution PM,S,C? Electrical Conductivity - All 
Fresh water sites only 
=I 
Hydrometer PM,S* Salinity — Brackish/salt All 
water sites only 
500 mL clear plastic BM,S* Salinity — Brackish/salt All 
graduated cylinder water sites only 
T m 
Secchi Disk, Rope EC Transparency — Deep water All 
site only 
Turbidity tube С Transparency — Shallow All 


water site 
lis 


Remote sensing image 
data 


See footnote? 


Species Identification, 
Green-Up, Green-Down 


Site Layout, Tree 
Circumference, Tree Height 


Land: Qualitative and 
Quantitative study layout, 
Biometry study layout, 

Green-Up, Green-Down 


Tree Height, Slope 


Dichotomous keys p 
50 m tape measure PM,S 
i- + 
Compass Е 
д 
Clinometer EC 
T 
Densiometer 
— 
Plant clippings drying 
oven 


3 
Include in kit only for freshwater sites. 


* 5 Р 

Include in kit for brackish/salt water sites only. 
5 

Remote sensing image data provided by GLOBE. 


*Ch i 
оозе a dichotomous key appropriate to local vegetation; a gener: 
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Grass Biomass 


жесе эс oe RTE RI 
Land Cover Mapping 


Canopy Cover А 


All 


All 


All 


All 


All 
All 


EE erate | 


ally applicable dichotom 
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ous key will be provided to each teach 
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er at training. 


Basic Measurements (continued) 


Instrument 


ES 


Dutch auger? 


Sand auger’ 


Peat auger’ 


Bucket auger? 


Distilled white vinegar 


#10 sieve (2 mm mesh) 


Acid squirt bottle ene | 


a C oe E | 
eee ems 


100 mL graduated 
cylinder 


Dual Ring Infiltrometer 


Soil Thermometer | es | 
Plant Color Guide | юг | 


Global Positioning 
System receiver 


Soil Moisture 


KITIPMSEAM) | Measurement 
Soil: Profile, Bulk Density, All 
Soil Moisture 
Soil: Profile, Bulk Density, All 
Soil Moisture 
Soil: Profile, Bulk Density, All 
Soil Moisture 
Soil: Profile, Bulk Density, All 


Soil: Profile, Bulk Density, All 
Soil Moisture 
Soil Profile, All 
Land: Site Layout, Green-Up, 
Green-Down 
L 
Soil: Depth, Soil Moisture All 
Soil Color All 
Soil: Free Carbonates All 
4 
Soil: Free Carbonates All 
T 
Soil: Bulk Density All 
Soil: Moisture, Bulk Density All 
Gravimetric Soil Moisture, All 
Soil Bulk Density 
j- 
Gravimetric Soi] Moisture All 
Soil Bulk Density — Pit or 
surface method 
Gravimetric Soil Moisture, All 
Bulk Density 
| 
Soil pH, Bulk Density All 
Gravimetric Soil Moisture All 
Soil: Infiltration ule All 
Soil: Temperature All 
Green-Down | Al 
All 


Latitude, longitude and 
elevation 


"Select auger appropriate for local soil type. 


2 1р Desk. 
® If you do not have Access to a GPS receiver please contact your GLOBE Country Coordinator or, in the United States, the GLOBE Help 
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Measurements (continued) 


IC 
natant KIT(P,M.S.E,A.M) Measurement Skill Level 

pissolved oxygen kit A Dissolved Oxygen Middle, 
Secondary 

Water alkalinity kit A Alkalinity Middle, 
| Secondary 

Water nitrate kit A Hydrology: Nitrate Middle, 
Secondary 

E 
T7 
Toolkit 
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Advanced Measurements 


Instrument КІТ(Р,М,5,Е,А,С)| Measurement Skill Levey 
Sun photometer Aerosols Middle, 
Secondary 
GLOBE/GIFTS Water Water Vapor Middle, 
Vapor Instrument Secondary 
Digital Voltmeter Aerosols Middle, 
Secondary 
A Barometric Pressure All E 
Surface Temperature A Surface Temperature Middle, 
= Secondary 
| oze tes snip camer) A | Sane oom A 
Ozone chemical test 
strips A Surface Ozone All 
SM 
Ozone Measurement E Surface Ozone All 
Station 
————À1 
Sealable bags Eu dum Surface Ozone All 
Wind direction device [-—®6-_] Surface Ozone All 
-— — PM 
Hydrometer mu uum Soil: Particle Size AII 
500 mL clear plastic Soil: Particle Size All 
graduated cylinder 
Dispersing solution parys Soil: Particle Size All 
100 mL Erlenmeyer Soil: Particle Density All 
flask 
— 
Heat source IE pë Soil: Particle Density All 
Soil Fertility Middle, 
Secondary 
Safety Equipment — Hydrology: Dissolved Middle, 
Plastic gloves and Oxygen, Alkalinity, Salinity Secondary 
Titration, Nitrate 
Unsupervised Clustering Middle, 
Secondary 
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al Measurements 


option 
Instrument KIT(P,M,S,E,C) Measurement Skill Level 
salinity kit Salinity — Titration Method Optional, 
Middle, 
| Secondary 
Soil moisture sensors Soil Moisture Sensor Optional, 
(4 required) Secondary 
Soil Moisture Meter Soil Moisture Sensor Optional, 
Secondary 
| 2S 
PVC Pipe Soil Moisture Sensor Optional, 
| Secondary 
4-Channel data logger Automated Soil and Air Optional, 
Temperature Middle, 
E Secondary 
а 
One air temperature Automated Soil and Air Optional, 
sensor and three soil Temperature Middle, 
temperature sensors Secondary 
+ = 
Water tight box Automated Soil and Air Optional, 
Temperature Middle, 
Secondary 
Desiccant Automated Soil and Air Optional, 
Temperature Middle, 
Secondary 


Toolkit 
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GLOBE Instrument Specifications 


Atmosphere/Climate 


Cloud Cover/Type - AII Skill Levels 


Instrument Specifications: Cloud Chart 
The GLOBE cloud chart shall display at least one visual example of each of the 10 basic cloud types - 


"effective aerosol optical thickness wavelength" is defined in Brooks, David R., and Forrest M. Mims 
III: Development of an inexpensive handheld LED-based Sun photometer for the GLOBE program. J, 
Geophys. Res, 106(D5), 4733-4740, 2001. (That is, the algorithms Presented in this paper are an 
integral part of the instrument specification.) The LED detectors for each channel must be obtained 


and polished. There must be a clear line of site from this aperture hole to each detector. No internal 
light baffling is required. 


The electronics consist of two low-power Op-amp-based transimpedance amplifiers (or their functional 
equivalents) to convert the LED current to a voltage on the order of 1-2V in full sunlight. Noise, gain, 
temperature drift, and other op amp performance characteristics should be similar to that of Linear 
Technology LTC1050 or LTC1051 op amps. (Generic 741-type op amps or their dual equivalents are 
not suitable for this instrument.) Bypass capacitors should be included in the resistive feedback loops 
to prevent self-oscillation, 

The sun photometer’ output should be monitored either by attaching an external digital voltmeter to 
pin jacks mounted on the Case, or through a built-in digital meter. A built-in meter should display at 
least three digits to the right of the decimal Point for output in the 1-2V range. 
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specifications: Digital Voltmeter 

A digital voltmeter (or multimeter) with a DC volts setting that is either: (i) auto-ranging within the 
range 0-20VDC or (ii) manually selectable for range settings of 0-2VDC and 0-20VDC, For inputs i 
less than LOVDC (that is, up to 9.999V), the meter must display three digits to the right of the decimal 


point. 


Water Vapor ~ Middle, Secondary 


Instrument Specifications: GLOBE/GIFTS water vapor instrument 

The GLOBE/GIFTS water vapor instrument is based on the same principle as and similar in design to 
the GLOBE sun photometer, the specifications for which are described in detail under Aerosols. Both 
use light emitting diodes (LEDs) to measure the strength of sunlight in select wavelengths. While the 
GLOBE sun photometer detects visible light in the green and red part of the spectrum, the water vapor 
instrument detects infrared rather than visible light. This instrument concept was first developed and 
described in the scientific literature by a member of the Water Vapor protocol Science Team [Mims, 
Forrest M. Ш, Sun photometer with light-emitting diodes as spectrally selective detectors, Applied 
Optics, 31, 6965-6967, 1992]. 

The calibrations of the LEDs for this instrument require access to highly specialized equipment and 
data and they cannot be duplicated by students in the lab or in the field. These instruments can be 
obtained from the GLOBE Water Vapor Team. 


instrument 


Barometric Pressure — All Skill Levels 


Instrument Specifications: Aneroid Barometer 

The aneroid barometer must have a clear scale with a 
The scale should be readable to the nearest whole millibar and have an accur: 
its entire range. A set needle should be on the face of the barometer. This 
useful for stations whose elevation is less than 500 meters above sea level. Schoo 
will need to use an altimeter. 


pressure range between 940 and 1060 millibars. 
acy of 3.5 millibars over 
barometer will be most 
ls at higher elevations 


Instrument Specifications: Altimeter à 
An altimeter is a special type of aneroid barometer designed to provide heights (using standard 


temperature and pressure values), as well as true atmospheric pressure readings. The scale must be 
given in millibars and extend from 650 millibars to 1050 millibars. Accuracy must be 3.5 millibars 
of atmospheric pressure at 


over the range of the instrument. This instrument is for the measurement 


elevations over 500 m. 


instrument Specifications: Digital Barometric Pressure Sensor | 
ensor, This sensor 


Barometric pressure values may also be collected with a digital barometric pressure s 
h one mbar resolution and an accuracy 


must have a pressure range of between 940 and 1060 mbars wit x be station 
of 3.5 mbars over its entire range. Barometric pressures reported from the sensor mus 


pressures. 


Relative Humidity — AII Skill Levels 


Instrument Specifications: Digital Hygrometer 
: i idi 1%. 
A digital hygrometer or sensor must provide a digital readout of relative humidity to the nearest 


Over a range of 20-95%, accuracy must be at least 5%. THEE 
igi i » to be placed upright on the oor of the 
iier cuir m nein bas | Чү а ы done by the manufacturer and 


instrument shelter, while measurements are being taken. C 
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Should be warranted for at least two years, with subsequent recalibration available. Batteries should 
included. The unit should not be left outside on a daily basis. е 


Instrument Specifications: Sling Psychrometer 
The wet bulb and dry bulb temperatures shall be measured with a sling Psychrometer, which Consists 
of two spirit-filled thermometers. The thermometers shall be readable only in degrees Celsius, win 


Instrument Specifications: Calibration Thermometer 
The Calibration Thermometer described in Air Temperature may be used for this measurement, 


Instrument Specifications: Maximum/Minimum Thermometer 


Instrument Specifications: Instrument Shelter 
The Instrument Shelter described in Air Temperature will be used for this measurement, 


Surface Ozone — АП Skill Levels 


Instrument Specifications: Ozone Chemical Si trips 

The ozone chemical strips contain a solution of tin(II) chloride dihydrate and 1,5-diphenylcarbazide 
dissolved in Teagent-grade acetone. When exposed to air, ozone reacts with the mixture and triggers a 
colorimetric reaction resulting in the formation of a pink color. Ground level ozone concentrations 
can be measured by quantifying the color change on an exposed chemical strip using an ozone optical 
reader. 


Instrument Specifications: Ozone Test Strip Scanner 
The o 


Instrument Specifications: Ozone Measuring Station 
Directions for constructing an ozone measuring station are provided in the Instrument Construction, 
Site Selection, and Set-Up section of the Atmosphere Chapter. 


Instrument Specifications: Wind Direction Instrument s 
Any device capable of displaying wind direction, such as weathervane. Directions for constructing à 
wind direction instrument are provided in the Instrument Construction, Site Selection, and Set- 
of the Atmosphere Chapter. 
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precipitation, Liquid - All Skill Levels 


Instrument Specifications: Rain Gauge 

precipitation will be measured with a clear view plastic rain gauge with a collector that is at least 102 
mm in diameter. The rain gauge must be at least 280 mm in height with a scale indicating rain 
collected of 0.2 mm or less on an inner clear cylinder. It must have the capacity to measure rainfall of 
280 mm without overflowing. The shape of the outer part must also be cylindrical, and overflow from 
the inner cylinder shall be directed to the outer part of the rain gauge. The outer cylinder must be 
capable of being used in the inverted position to gather a snow sample for measurement of the water 
content of snow. The rain gauge must be provided with the necessary hardware for installation on a 
pole. Instructions for siting are provided in the GLOBE Program Teachers Guide. 


Instrument Specifications: Electronic Tipping Bucket 
Anelectronic tipping bucket rain-measuring instrument may be used in conjunction with an automated 
weather station. The tipping bucket must have a resolution of at least 0.25 mm. 


Precipitation, Solid - All Skill Levels 


Instrument Specifications: Snowboard 
The depth of daily snowfall will be measured with a plywood board which is approximately 40 cm X 
40 cm x at least 1 cm thick. 


Instrument Specifications: Rain Gauge 
The rain gauge described in Precipitation, Liquid will be used for this measurement. 


Instrument Specifications: Snow Depth Pole 
For snow depths less than 1 meter, a meter stick is recommended. When the snow is deeper than one 
meter, a snow depth pole is used. This can be made from a 2 meter pole by placing two meter sticks 


end to end on this pole. 


Precipitation pH - All Skill Levels 


The same instruments described in Hydrology: Water pH will be used for this measurement. 


Air Temperature - All Skill Levels 


Instrument Specifications: Digital Max/Min Thermometers 


Digital max/min thermometers may be used. These must have either an accuracy of + 0.5° Celsius or 
a precision of at least + 0.5° Celsius and an error offset that is temperature independent. These 
that are checked and reset each 


thermometers can either be digital single-day max/min thermometers 
day or digital multi-day max/min thermometers that log temperature values for multiple days. 
st be able to record max/min temperatures over 24- 


Digital multi-day max/min thermometers mu 
periods that can be set to begin and end within one hour of local solar noon. 


Instrument Specifications: Liquid-filled Maximum/Minimum Thermometer 

Air temperature can be measured with a U-shaped maximum/minimum thermometer. The sateen 
minimum thermometer shall be readable only in degrees Celsius, with maximum and minimum scales 
marked in increments of 1.0° C, and the scales must be capable of supporting temperature dig 
to the nearest 0.5° C. The thermometer must be in a sturdy protective case, and T oed e 
necessary hardware for installation. It must be factory calibrated to an рет B x onm ere 


m j "hrati jy marked to in 
ust be adjustable for calibration. Each scale must be clearly ^ decreasing temperature. 


indicators such as “+” and “-” on each scale to indicate direction of increasing an 
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In addition, each scale must be clearly marked to identify which Scale is maximum and which į 
minimum. Siting and installation instructions are provided in the GLOBE Program Teachers Guid is 


Instrument Specifications: Digital Temperature Sensor 

Digital temperature sensors may also be used to monitor temperature. These must have either an 
accuracy of + 0.5° Celsius or a precision of at least + 0.5? Celsius and an error offset that is temperature 
independent. 


Instrument Specifications: Calibration Thermometer 
The maximum/minimum thermometer will be calibrated with a second thermometer which is an 


and Technology - United States) to an accuracy of +0.5° C, with 0.5° C scale divisions, It must be 
supplied with a metal jacket with holes at the bulb end to allow for circulation and a hole at the top by 
which to hang the thermometer in the instrument shelter for calibration of the maximum/minimum 


must be constructed of a material with a thermal insulation value which equals or exceeds that of 
seasoned white pine wood (approximately 2.0 cm thick). It must be painted white with exterior grade 
paint. The shelter must be vented, and be large enough to allow air circulation around the thermometer. 
The inside dimensions must be at least 45 cm high, 24.0 cm wide, and 12.0 cm deep. The shelter 
must have a hinged door on the front, be louvered on the front and sides, and have holes in the 
bottom and holes at the uppermost part of the sides to increase ventilation if the louvers do not extend 
to the top of the sides. The door must contain a lock. The instrument shelter must be mountable onto 
à wall or post. The top of the shelter must slope downward toward the front. The parts of the shelter 
must be securely fastened to each other, either using screws or with nails and glue. Joints must be sealed 


Surface Temperature — Middle, Secondary 


Instrument Specifications: Infrared Thermometer (IRT) 
The Infrared thermometer should be a handheld instrument. It must have an accuracy of +/-1° C over 
a range of -32* C to 72° С. 


Hydrology 


Water Temperature: - All Skill Levels 


Instrument Specifications: Organic Liquid-filled Thermometer d 
The calibration thermometer or digital temperature sensor described in Air Temperature will be use 
for this measurement. 


Transparency - All Skill Levels 
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Nx 


will not be disfigured or damaged by repeated immersion in water, including sea water. 


made so that it 
ted such that it remains horizontal while it is lowered by the rope in the water. 


jt must be weigh 
Instrument Specifications: Turbidity Tube (for surface water) 
Clear plastic tube, approximately 1.2 m long and 4.5 cm diameter with a white cap that fits securely 
on the end of the tube. The end cap must display a pattern consisting of alternating black and white 


quadrants on the side that is viewed by looking down the tube. 


Water pH - All Skill Levels 
Note: The instrument requirements for this measurement vary according to skill level. Please select 
the appropriate instrument for your students. 


Skill Level - Primary 

Instrument Specifications: pH Paper 

The pH of standing water at this skill level will be measured with pH paper which can be purchased 
in strips or rolls. The pH paper must have an accuracy of at least + 1.0 pH units, with a range of 2 to 
9 pH units. For water samples with low conductivity the pH paper must be accurate in low conductivity 


levels. 


Skill Level - Secondary 


Instrument Specifications: pH Meter 
The pH of standing water at this skill level will be measured with a pH meter. The pH meter must have 


an accuracy of 0.1 pH unit, and a range of pH 1 to pH 14, at temperatures from 0 C to 50 C. The 
eading when it is placed in solutions of differing temperature. 


device shall automatically compensate the т 
The pH meter must be capable of being calibrated using at least two known pH buffer solutions: pH 


4, T, or 10. 


Skill Level - Middle, Secondary 


Instrument Specifications: Buffers 
pH buffer solutions are required to calibrat 
a value of pH 4.0, pH 7.0 and pH 10.0. 


e the pH pen and meter. The buffer solutions should have 


Dissolved Oxygen - Middle, Secondary Skill Levels 


instrument Specifications: Dissolved Oxygen Kit 
A dissolved oxygen test kit can be purchased. Teachers o 
another version should ensure that it also meets the following requirements: 


* Enables measurement of dissolved oxygen with an accuracy of at least +/- 1 mg/L 


* Contains all the chemicals and special containers to perform this measurement based on the 
Winkler titration method. This method is described in Standard Methods for the Examination of 
an Public Health 


Water and Wastewater, 19th edition, 1995, a pu 
Association, Washington, DC. 

* Contains clear instructions for using the 
based on the Winkler titration method. 


т manufacturers who wish to use or prepare 


blication of the Americ: 


kit to make this measurement using à procedure 
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Alkalinity - Middle, Secondary Skill Levels 


Instrument Specifications: Water Alkalinity Kit 
A water alkalinity kit can be purchased. Teachers or manufacturers Who wish to use or Prepare апо, 
version should ensure that it also meets the following requirements: M 


range, under 136 mg/L), and 17 mg/L as CaCO, (high range, above 136 mg/L) 


in 19th edition, 1995, a publication of the American Public Health Association, Washington, 
D.C. 

Contains clear instructions for using the kit to make this measurement, based on acid titration 
to а Bromocresol green-methyl red end point. 

* Plastic gloves and safety goggles 


Instrument Specifications: Safety Equipment 
Plastic gloves and safety goggles must be used in making this measurement. 


Electrical Conductivity (for fresh water sites) - All Skill Levels 


Instrument Specifications: Electrode-type Total Dissolved Solids Tester (Conductivity Meter) 

This device shall measure electrical conductivity of liquid solutions using two metal electrodes separated 
by a fixed distance. The device shall be designed to be hand-held, and battery powered, with no 
electrical power cord attached. The device shall employ a method to automatically compensate the 


Instrument Specifications: Calibration Standard 
A standardized solution of KCl and Water or NaCl and water that has a conductivity of between 
500 +/- 0.25% and 1500 +/- 0.25% microSiemens at 25C. 


Salinity (for brackish and salt water sites) - All Skill Levels 

Instrument Specifications: Hydrometer Method 

The same instrument described in Soil Particle Size will be used for this measurement. 

A 500 mL clear plastic Cylinder and an Organic liquid-filled thermometer for use with the hydrometer 
are required. The 500 


mL cylinder for Soi] Particle Size may be used. The calibration thermometer for 
Air Temperature may be used. 


* Range: 0 - 20 parts per thousand (ppt)* 
* Smallest increment: 0.4 ppt 
. Method/chemistry: chloride titration 
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«=> 


number of tests: 50 


„ Approximate 
r instructions for using this kit to make this measurement, based on the chloride 


„ Contains clea 
titration method. 
*Titrator must be refillable for use in higher salinity waters. 


Nitrate - Middle, Secondary Skill Levels 
Instrument Specifications: Water Nitrate Kit 
A nitrate kit can be purchased. Teachers or manufacturers who wish to use or prepare another version 
should ensure that it also meets the following requirements: 
+ Range: 0 - 10 ppm NO,-N 
Smallest increment: 0.05 ppm NO,-N for the range 0 -1 ppm NO,-N; 0.5 ppm NO,-N for the 
range 1 - 10 ppm NO,-N 
Method/chemistry: cadmium reduction 


Approximate number of tests: 50 
Contains clear instructions for using this kit to make this measurement, based on the cadmium 


reduction method. 


Soil Characterization 


Soil Slope - All Skill Levels 


Instrument Specifications: Clinometer 
А clinometer as described in Land Cover specifications. 


Soil Profile - All Skill Levels 
Instrument Specifications: Camera 


А camera with color film or digital camera. 


Instrument Specifications: Meter Stick 
A durable ruler with gradations every cm and mm. 


Instrument Specifications: Soil Auger (optional) 
See soil auger types listed under Soil Moisture. 


Soil Structure - All Skill Levels 
Instrument Specifications: None 
Color - All Skill Levels 


Instrument Specifications: Color Chart 

A soil color chart designed especially for the GLOBE Program 
colors and uses the Munsell System of Color Notation. This flip chart is wea 
color chips which are edge-mounted for ease of reading, The color range inc 
a selected set of values and 


can be purchased. It contains at least 200 
ther-resistant and has large 
Judes all hues found in the 
chroma to aid color 


full set of Int i i i 
à ernational soil colors, yet provides : GLOBE 
identification for students. Manufacturers who wish to prepare another version ae 
Program for the complete list of colors. 
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Soil Consistence - All Skill Levels 
Instrument Specifications: None 

Soil Texture- AII Skill Levels 
Instrument Specifications: None 

Free Carbonates - All Skill Levels 
Instrument Specifications: Vinegar 


Distilled white vinegar. Household vinegar may be used. 


Instrument Specifications: Acid Squirt Bottle 
A bottle capable of safely holding at least 200 mL of acid is required. 


Sample Preparation for Bulk Density, Particle Size, Soil pH, and Fertility Protocols- 
All Skill Levels 


Instrument Specifications: Sieve 
Number 10 sieve with 2 mm mesh attached to a frame. 


Soil Bulk Density - All Skill Levels 
Instrument Specifications: Graduated Cylinder -100 mL 

Glass graduated cylinder with a capacity of 100 mL marked in 1 mL or smaller divisions, with 
graduations Covering at least the range from 10 mL to 100 mL. 


Instrument Specifications: Balance and Augers 
The same balance and auger used for Gravimetric Soil Moisture will be used for Bulk Density, 


Instrument Specifications: Soil Sample Cans and Other Soil Containers 
Cans and containers should meet the same specifications as given for these items for Gravimetric Soil 
Moisture 


Soil Particle Size - All Skill Levels 


Instrument Specifications: Hydrometer 
The hydrometer used should meet the following requirements: 


* Calibrated to specific temperature for water and sample (e.g. 15.6 C/ 15.6 C 
* Range (specific gravity / no units): 1.0000 - 1.0700 
* Smallest increment (no units): 0.0005 


Instrument Specifications: Thermometer 
The Calibration Thermometer described in Air Temperature will be used for this measurement. 


Instrument Specifications: 500 mL Clear Plastic Graduated G ylinder 
One 500 mL capacity plastic graduated Cylinder, marked at least at the 500 mL level. Cylinder must be 
Clear plastic, not frosted plastic and Not glass. 


Instrument Specifications: Dispersing Solution 
Sodiumhexametaphosphate Powder or a 10% solution of either sodiumhexametaphosphate or 4 
detergent that does Not produce suds, 
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soil Particle Density — All Skill Levels 


ecifications: 100 mL Erlenmeyer flask 


instrument SP 
Erlenmeyer flask with a cap, capable of holding 100 mL of solution. 


A heat-resistant 


instrument Specifications: Heat source 


A heat source capable of bringing 100 mL of a water and soil solution to a gentle boil and maintaining 


this boil for at least 10 minutes. 


Soil pH - All Skill Levels 


Instrument Specifications: pH measurement devices 


The same instruments described in Hydrology: Water pH will be used for this measurement. 


Instrument Specifications: Graduated Cylinder -100 mL 
The same instrument as described in Bulk Density will be used for this measurement. 


soil Fertility - Middle, Secondary Skill Levels 


Instrument Specifications: Soil NPK (Macronutrients) Kit 


The test kit must: 
Contain unit-dose reagents and containers needed to extract soil nutrients from 50 samples and 


to perform 50 tests of each: soil nitrogen; soil phosphorus, and soil potassium. 

Employ methods based on the Spurway extraction method, the zinc reduction/chromotropic 
acid method for nitrogen, the ascorbic acid reduction method for phosphorus, and the sodium 
tetraphenylboron (turbidimetric) method for potassium. 

Contain clear instructions, including diagrams, for using the kit. 

Contain a water resistant color chart for interpreting the results of colorimetric tests and a 
turbidity chart for the turbidimetric test. 


Soil Moisture 


Gravimetric Soil Moisture - All Skill Levels 


Instrument Specifications: Balance 
This balance must have the capacity to weigh 300 grams with an accuracy of +/- 0.1 gram. z toe 
either mechanical or electronic. It is assumed that a balance is available locally, for example in a hig! 


school science laboratory. 


Instrument Specifications: Drying Oven (soils) f 
Drying oven capable of holding a temperature of 95 C - 105 C for at least 10 hours or à temperature © 

75 C - 95 C for 24 hours. The oven must be ventilated, and have interior 
30 cm x 25 cm. It is assumed that an oven is available locally, for examp 
laboratory. 


dimension of at least 25 cm x 
le in a high school science 


Instrument Specifications: Microwave Drying Oven 
Any microwave oven compatible with school use. 


Instrument Specifications: Soil Sample Cans , ith a removable cover 
15 round sample tins. A metal container with a diameter 7 cm, and height 5 i e having a small hole 
is appropriate as are small round, cleaned food cans. Cans must be capable О 


punched in their bottoms. 
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Instrument Specifications: Other Soil Containers 

15 containers large enough to have soil samples transferred into them directly from ап auger with 
loss of sample. Glass Jars, plastic food containers with lids, or other containers that can be pic 
and that can hold the soil samples while they are dried in the drying oven selected, 


Instrument Specifications: Dutch Auger For Combination Soils 
Dutch (or Edelman) auger for combination soils with a head having the minimum dimensions of7 
cm wide and 18 cm long. The unit (head and shaft inclusive) should be at least 120 cm long in order 
to be suitable to dig a hole up to 1m deep. It should be of one piece welded construction, 


Instrument Specifications: Dutch Sand Auger 

Auger designed for sandy soils with a head having the minimum dimensions of 7 cm wide and 18 cm 
long. The unit (head and shaft inclusive) should be at least 120 cm long in order to be Suitable to dig 
a hole up to 1m deep. It should be of one piece welded construction, 


Instrument Specifications: Bucket Auger 

Bucket (or Riverside) auger designed for hard and brittle soils with a head having the minimum 
dimensions of 7 cm wide and 18 cm long. The unit (head and shaft inclusive) should be at least 120 
cm long in order to be suitable to dig a hole up to 1m deep. It should be of one piece welded 
construction, 


Instrument Specifications: Peat Auger 
Auger designed for peat soils with a head having the minimum dimensions of 7 cm wide and 18cm 


Block Soil Moisture - Optional, Secondary Skill Leve] 


Instrument Specifications: Soil Moisture Sensor 

This should be a ceramic block sensor that uses an electrical resistance method for soil water matric 
potential measurement. One of the best ceramic block sensors is called a Watermark block and is the 
one recommended for this measurement. 


There are two meters you 
wet). The other is made by Watermark and reads 0 to 200. Both are acceptable by the GLOBE data 
system. Please contact the GLOBE Soil moisture science team if you have a different kind of sensor or 


Instrument Specifications: РУС Piping 

The PVC pipe assists in placing the soil Moisture sensors in the ground. It should be 90 cm in length 
and approximately 2 cm in diameter. Additional РУС Piping is required to mark the location of the 
sensors. These should be 23 cm long with a diameter of approximately 5 cm. Four pieces of this 
material are required. 


Infiltration — Optional, All Skil! Levels 


Instrument Specifications: Dual Ring Infiltrometer 

Two concentric metal cylinders. The inner one must have a diameter of 10 cm to 25 cm. The outer 
one must have a diameter at least 10 cm larger than the inner cylinder. Both cylinders should be 1010 
15 cm high and Open at both ends. Steel cans may be found which will work for this apparatus: 
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soil Temperature 


Soil Temperature- All Skill Levels 

Instrument Specifications: Soil Thermometer 

Allcm to 20 cm stainless steel probe, heavy-duty construction dial or digital thermometer with a 
range of at least -10 to 50 degrees C (Celsius scale required) and an accuracy of 1% full scale (over a 
range of no more than 200 degrees C) or better is required. The sensor should be in the bottom third 
ofthe probe. The sensor should give stable readings after less than 60 seconds in an isothermal bath. 
Batteries, if required, should be included. The sensor should be adjustable with the calibration 
procedure and achievable accuracy clearly stated. Dial thermometers must be sealed against fogging 
and be covered with shatterproof glass or plastic. Scale graduations of 1.0 degrees C and 0.1 degrees 
Care preferred for dial and digital thermometers, respectively. Glass stem thermometers are NOT 


acceptable. 
Automated Soil and Air Monitoring ~ Optional, Middle, Secondary 


Instrument Specifications: 4-Channel Data Logger 
Aself contained, programmable data logger capable of collecting and storing data from four temperature 
sensors (one air, possibly internal, and three soil - external channels). Data logger must be capable of 


collecting data at 15 and 60 minute intervals (sampling frequency) and storing at least 3750 


measurements (time/date stamped) per channel (8kb capability is preferred) in nonvolatile memory. 
ture must be recorded with at least 7 


The time accuracy must be +1 minute per week. The tempera 
bits of resolution. The logger must be powered by a user-replaceable lithium-grade battery, with a 
continuous use lifetime of one year. It must have operational ranges of -20 to +70 degrees Celsius in 


a0 - 95% relative humidity, non-condensing environment. 


Instrument Specifications: Data Logger Computer Interface and Software 
Computer interface cables and appropriate software for launching the logger and retrieving the data 
must be available. The computer interface must be MS WINDOWS compatible. MAC compatibility 


is desired but not essential. The software must allow the data to be exported as an ASCII text file and 
should provide some basic graphical display of the data. 


Instrument Specifications: Air and Soil Temperature Sensors А 
Air temperature сап Бе sensed internally if the response time is less than 15 minutes, otherwise, à 
short (0.3 meter) cable (and 4th external channel) must be available. The soil temperature sensors 
must be designed to work for years buried up to 1 meter deep in unsaturated soils. Their cables must 
be between 3 and 6 meters in length. All sensors and cables must be weather and sun-resistant since 
they will be deployed outside on a continuous basis. All sensors should have an а 


ccuracy of + 0.5 
degrees Celsius (at 20 degrees Celsius) and a range of -30 to +100 degrees Celsius. 


Instrument Specifications: Watertight Box 
Instructions for constructing a watertight box are p 
monitoring Protocol. 


rovided in the Automated Soil and Air Temperature 


Instrument Specifications: Desiccant 
100 mL of CaSO, or other dehydrating agent. 


Instrument Specifications: Instrument Shelter 


T мар is measurement. 
he Instrument Shelter described in Air Tempera rth 


ture will be used fo 
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Land Cover/Biology 


Land Cover - All Skill Levels 


Instrument Specifications: Landsat Thematic Mapper (Ti M) Image, MultiSpec Software. 
The GLOBE Program will provide a TM image to all US schools. MultiSpec software is availab| 
downloading from the Internet. 


Species Identification - All Skill Levels 


Instrument Specifications: Dichotomous Keys 
Dichotomous keys for tree identification are not available from a central Supplier; they neeq to be 
acquired locally, 


Biometry 

Layout of the Biology Site - АП Skill Levels 

Instrument Specifications: Tape Measure 

50 m tape, graduated one side, marked in 2 mm or smaller units, 

Tree Circumference - АП Skill Levels 

Instrument Specifications: Tape Measure 

The tape measure described in Layout of the Biology Site will be used for this measurement. 
Tree Height - All Skill Levels 


Instrument Specifications; Tape Measure 
The tape measure described in Layout of the Biology Site will be used for this measurement. 


e for 


Instrument Specifications: Cinometer 

The clinometer may be made by students from plans in the GLOBE Teachers Guide, or may consist of 
à moveable dial within a metal case and lens viewer. For the moveable dial version, the scale must be 
graduated from 0-90° in 1° units, 


Canopy Cover - АП Skill Levels 

Instrument Specifications: Densiometer 

The densiometer may be made by students according to instructions in the GLOBE Teachers Guide. 
Ground Cover - All Skill Levels 

Instrument Specifications: None 

Grass Biomass - АП Skill Levels 


Instrument Specifications: Balance be 
This balance must have the capacity to weigh 300 grams with an accuracy of +/- 0.1 gram. It ae h 
either mechanical or electronic. It is assumed that a balance is available locally, for example in a hig 
School science laboratory. 


Instrument Specifications: Drying Oven (plants) ‘lated to 
This oven must be capable of holding samples at 50-70 C for up to two days and must be ventilate 
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It is assumed that an oven is available locally, for example in a high school science laboratory. The oven 
should be designed for drying biological samples or food and should not be a conventional cooking 


oven, which could present a fire hazard in this application. 


Earth as a System 


Green-Up — All Skill Levels 

Instrument Specifications: Dichotomous Keys 

Dichotomous keys for tree identification are not available from a central supplier; they need to be 
acquired locally. 


Instrument Specifications: Camera 
It is assumed that a camera with color film or digital camera is available locally. 


Green-Down — All Skill Levels 


Instrument Specifications: Plant Color Guide 

A guide made of weather-resistant paper that contains reference color chips based on the Munsell 
System of Color Notation. The following colors should be displayed: 5G 8/4, 5G 7/4, 5G 6/2, 5G 4/2, 
5GY 3/2, 5СҮ 4/8, 2.5Y 8/6, 2.5Y 8/12, 5YR 7/12, 5GY 7/12, 5GY 6/10, 5GY 5/10, 2.5Y 6/6, 5Y 8/4, 
1.5YR 8/4, 7.5YR 6/4, 7.5YR 5/4, 7.5YR 3/4, 5R 3/4, 2.5R 4/2, 2.5R 4/4, 2.5R 4/6, 2.5R 4/8, 2.5R 4/12. 
Each color chip must be positioned near a cutout that allows color comparison between plant leaves 
and the reference chips. 


Instrument Specifications: Local Plant Identification Guide 
Local Plant Identification Guides for tree identification are not available from a central supplier; they 
need to be acquired locally. 


Instrument Specifications: Camera 
t is assumed that a camera with color film or digital camera is available locally. 


Budburst - All Skill Levels 


Instrument Specifications: Local Plant Identification Guide 
Local Plant Identification Guides for tree identification are not available from a central supplier; they 
need to be acquired locally. 


GPS 


Latitude, Longitude and Elevation of GLOBE Study Sites - All Skill Levels 


Instrument Specifications: Global Positioning System (GPS) Receiver 
The instrument must be capable of: 


Preferably capable of expressing latitude and longitude in decimal degrees to the nearest 


0.0001 degrees (may alternatively express in whole degrees, minutes and decimal ee 
the nearest 0.01 minutes, but this will require conversion before reporting readings to 

and 

Displaying time on screen in units of UT hours, minutes, and seconds, 


Using the WGS-84 map datum, and ® printed on recycled paper 
printed with soy ink 


Displaying elevation in meters. 
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Color Pages for the 2003 GLOBE Teacher's Guide 


The following pages are provided in color to be i i | SAN 
appropriate locations. nserted in your GLOBE Teacher's Guide in the 
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Implementation Guide 
Introduction 81/82 
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Precipitation Protocols 31/32 
Maximum, Minimum and Current Temperature Protocol 15/16 
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Appendix 27/128 
Appendix 29/30 
Appendix 31/32 
Hydrology 
Water Transparency Protocol 11/12 
Water Temperature Protocol 9/10 
Water Temperature Protocol 11/12 
Dissolved Oxygen Protocol 15/16 
Salinity Protocol 15/16 
Salinity Protocol 17/18 
Water pH Protocol 17/18 
Alkalinity Protocol 11/12 
Nitrate Protocol 15/16 
Soil 
Introduction 3 4 
Introduction 9/10 
Soil Characterization Protocol 1115 
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Soil Temperature Protocol ima 
Soil Temperature Protocol 15/16 
Gravimetric Soil Moisture Protocol 
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Figure A 2: Comparison of GLOBE Sun Photometer Measurements Made at Drexel University, Philadelphia, Pennsylvania, 
USA, wit) Nearby AERONET Sun Photometer 


0.6 


A #121, Drexel (green) 
m #121, Drexel (red) 


» AERONET, 500 nm 
x AERONET, 670 nm 


AOT 


Days, September 2001 


Atmosphere 


GLOBE* 2003 ‘Aerosols Protocol - 21 


Figure AT-AE-3: Comparison of MODIS Data and GLOBE Sun Photometer Measurements Made at 


Denver, NC, USA. 
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Figure AT-AE-4: Comparison of MODIS Data, GLOBE Sun Photometer Measurements, and Clou: 
Philadelphia, Pennsylvania, USA. 
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Figure AT-ST-4: Surface Temperature for Toledo, Ohio, USA 
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Teach. — Yes, plants are drawing water from the | These data show that the asphalt had the highest 


grounc id transpiring it into the air. Evaporation 
coolsa in transpiration liquid water in the plant 
becom water vapor in the air. 


Studer 3 — Asphalt, concrete, and bare soil are 
all ma: е and dense. I think it will take more 
heat tc arm them up, but the grass is not so 


dense, it will warm up more quickly and be 
the hot st. 
Teach: — Let's go measure and test your 
predicts. ns. 


Table Ai-ST-5 presents the results. 


Table AT-ST-5: Surface Temperature Readings (C) at Areas p 
Different Types of Land Cover 


Observation Spots 
1 2 3 4 
Grass 275 30.0 285 290 
Asphalt 355 335 335 2340 
Cement 32.0 33.0 2320 335 
Bare Soil 300 310 330 315 
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temperature while the grass had the lowest. So the 
predictions of Students 1 and 2 proved correct. 
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observing Cloud Type 


There five descriptive terms i 
dp о for the various types of clouds: 
O or middle clouds 
MULUS or white puffy clouds 
ATUS or layered clouds 
IBUS or clouds from which precipitation is falling 


following ten types of clouds, named using the above terms, are to be used when reporting 
cloud type for your area: 


High Clouds 


Cirrus 

These clouds look like white delicate 
feathers. They are generally white wispy 
forms. They contain ice crystals. 


Cirrocumulus 

These clouds are thi 
texture giving them 
cotton or ripples wit 
contain primarily ice crystal 
some very cold water droplets. 


n white layers with a 
the look of patches of 
hout shadows. They 
s and perhaps 


Atmosphere 
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Cirrostratus 

These clouds are a thin transparent 
, 

whitish layer made up stals. They 

may totally or partly с‹ <y and can 

create a halo appearan the sun 


Contrails 


Short-lived Contrai! 
Note the short line of í e the lightpole. 
The airplane is barely \ his photo but is 


at the front of the cont 


Persistent Contrails 

These are very distinct contrails and show a range 
from persistent non-spreading on the right to 
persistent spreading on the left. The most likely 
explanation for this photo is that all three airplanes 
followed about the same path, but that the winds 
high in the atmosphere are blowing from right to 
left, moving the older contrails to the left. The 
spreading of the left-most contrail indicates there 
is a fair amount of water vapor in the upper 


atmosphere 


GLOBE* 2003 


Atmosphere 


Appendix - 28 


Persistent, Spreading Contrails 


This photo shows persistent, spreading contrails 
in an area of high air traffic. As above, it is likely 
that the planes are mostly following a similar 
path, but the contrails are being spread out by 
the wind. Note that all the contrails in this photo 
appear as wide or wider than those above, 
indicating that the presence of abundant water 
vapor in the atmosphere is allowing the contrails 
to spread. Also note the cloud near the middle 
of the photo, which looks like a regular cirrus 
cloud, but whose position makes it likely that 
this cloud actually originated from a contrail. 


Middle Clouds 
Altostratus 


These clouds form a bluish or grayish veil that 
totally or partially covers the sky. The light of the 
sun can be seen through them but there is no 
halo effect. 


Altocumulus j 
These clouds look like waves of the sea wit 
white and gray coloring and shadows. They 
contain mostly water droplets and perhaps 


some ice crystals. 
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Low Clouds 


Stratus 

These clouds are gray ery close to the 
surface of the Earth. Th look like a sheet 
layer but sometimes ar n patches. They 


rarely produce precipit: 


Stratocumulus 

These clouds are a gray olor. The bases 
of these clouds tend to round than flat. 
They can be formed fr ratus clouds or 
from cumulus clouds th iding out. Their 


tops also tend to be nx 


Nimbostratus 

This is a very dark and gray-colored cloud layer 
that blots out the light of the sun. It is massive 
and has a continuous fall of precipitation. 


GLOBE" 2003 Appendix - 30 Atmosphere 


Cumulus 


These clouds have a flat base and a dense, mound- 
shaped top that resembles a large cauliflower. 
Where the sun hits these clouds they are a brilliant 
white. The base tends to be a darker gray. They 
generally do not produce precipitation. | 


Cumulonimbus 

These are large, heavy, and dense clouds. They 
have a generally flat, dark surface with very tall 
and large tops like the shape of a massive 
mountain or anvil. These clouds are often 
associated with lightning, thunder and sometimes 
hail. They may also produce tornados. 
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Figure H Y-pH-2: Monthly pH Values for Some European GLOBE Schools 
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Figure HY-pH-3: Temporal pH Data for Certain Scandinavian GLOBE Schools 
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Table HY-AL- 1: 
1997-2001 Monthly Average Rainfall and Alkalinity, Sorted By Descending Average Rainfall 


Month Average 10-Month Average 10-Month Month Average 10-Mex 


Average 10-Month 


Daily Average Alkalinity Average Daily Aver Alkalinity Average 
| —— Rainfall t т Alkalinity a | Rai: (gt s Alkalinity 

Dec-01 169 127 52 66 | May-99 23 — 5 
Jan-98 16.0 69 Dec-00 22. 68 

Feb-98 15.8 67 Арг-99 1.9 69 

Јап-00 152 72 Jun-00 1.8 78 

Feb-99 13.9 59 Oct-99 1.5 79 

Feb-00 10.9 61 Jun-98 1.4 9] 

Nov-98 10.7 71 Jun-97 1.4 84 

Маг-00 10.2 69 Мау-01 0.8 82 

Јап-99 9.0 70 Мау-98 0.4 71 

Dec-98 8.8 66 Jan-01 0.4 73 

Mar-98 Т.Т 5.5 59 74 Aug-99 0.4 ( 99 86 
May-00 6.4 69 Aug-00 0.3 75 

Nov-97 6.4 63 Jun-99 0.2 90 

Apr-00 53 80 Sep-99 0.1 98 

Nov-99 53 77 Jul-00 0.1 75 

Dec-99 49 76 Jul-99 0.0 84 

Oct-00 4.9 82 Aug-97 0.0 66 

Dec-97 47 68 Jul-98 0.0 98 

Feb-Ol 45 82 Aug-98 00 99 

Mar-01 4.4 Sep-98 0.0 76 

Mar-99 4.3 3:3 55 79 

Apr-01 3.9 90 

Apr-97 3.8 73 

Nov-00 Ad 71 

Oct-97 3.5 83 

Oct-98 3.2 74 

Apr-98 3.1 78 

Sep-00 2.8 89 

Sep-01 24 98 

May-97 23 77 
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Air and Soil Temperatures for one week 


35 А Ie 
E 

30 E t E. É 

25 — . 1 ; 


20 - ^ 


15 


Temperature (degrees C) 


10 


* Soil 50 cm (С) + Soil 10 cm ©)! 


*Sol5cm(C) • Air (C) | 


0 — 


41 4/6/01 4/7/01 4/7/01 4/8/01 4/8/01 4/9/01 4/9/01 4/10/01 4/10/01 4/11/01 4/11/01 4/12/01 4/12/01 4/13/01 4/13/01 4/14/01 
[ 12:00 000 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 1200 0:00 12:00 0:00 


Date and Time 


Soil 


Introduction - 5 
GLOBE" 2003 


Figure SOIL-I-4: Grassland soils sampled in the southern part of Texas in the USA 
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Figure SOIL-I-5: Soil formed under a forest in far eastern Russia, near the city of Magadan 


ІМ! 


Most of the organic matter in this soi 
coniferous trees that die and decon 


the nutrients, organics, clays, iron, 
left behind soil particles that 


decomposed organic matter mixes wil 
remove, materials from the top horizo! 


see below the dark surface layer was caused 
and other mate 


are only mineral in 


the horizon above and deposited or illuviated. This horizon has a dark color because of the 


The next horizon has a red color due to iron oxic 
horizon below this one has fewer or different ty 


color. The lowest horizon in the profile is the original parent material from which th 


material is a sandy deposit from glaciers. At one t 


forming processes changed its properties 


A, and in the 
ually deep and 
rowing crops. 

iss roots dying, 

r content that 

nts needed for 


rom the leaves and 

ar the surface. WI 
n. acids form that 
soil. The white 
by organic acids that 
rials in the 
composition. Bi 


als that were leac 
organic matter depo 


he soil parti 


1 coating t i 
ating 


e brought in from the horizon above and 
particles сте 


roots of 
hen this | 


leach, 07 


ayer yo" | 


removed 
ayer and 
elow this 
a hed from 
horizon is a dark horizon that contains materi sited thet 


ves of iron oxides coating the inorganic soil стей к 
e soil formed. At this site, t - P 
riz over ume, 
ime, the whole soil looked like this bottom horizon, but г) 
Soil 


GLOBE* 2003 


Introduction - 6 


: A tropical environment in Northern Queensland, Australia 
im SW ы 


Notice the bright red colors and the depth to which the soil is 
uniform. It is very difficult to distinguish unique horizons. Hot 
temperatures and lots of rain help to form weathered soils like 
this. In tropical climates, organic matter decomposes very quickly 
and transforms into inactive material that binds with clay. Most of 
the nutrients have been leached from this soil by intense rainfall. 
Left behind are weathered minerals coated by iron oxides giving 
the soil its bright red color. 


Figure Si 1-7. 
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Figure SOIL-I-8: Soil formed under very dry or arid conditions in New Mexico, USA 
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where organic matter is limited. Hig! organic matter 
form dark soils. In dry places, org: not returned to 
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does occur in this environment, thc Í the soils allow 
materials to be carried downward int horizons of the 
profile. The white streaks near the bot rofile are formed 
from deposits of calcium carbonat ne very hard as 


they accumulate over time 


Figure SOIL-I-9: Wet soil sampled in Louisiana, USA 


Wet soils are found in many | rld. The surface 
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Nebraska provided the photographs shown here. 
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to i "пиу the color of the soil. 


Th ystem is made up of 3 symbols representing 
thc ue, value, and chroma of the soil color. 


Frequently Asked Questions 
Wh ıt do the numbers and letters describing Am 
the oil color mean? 
For ;LOBE, the universal Munsell notation is used 
[7.58] IN 


Hue Value Chroma 
Th nue is described by the first set of number 


an etter symbols in the Munsell system. Hue 
re) sents the position of the color on the color 
W | (Y=Yellow, R=Red, G=Green, B=Blue, 
Y llow Red, RY=Red Yellow). 


Tl. value is the number before the slash in the 
ll system. Value indicates the lightness of a 
co he scale of value ranges from 0 for pure 
bl; to 10 for pure white. 


Em 


Th. -hroma is the number after the slash in the 


Mu cell system. Chroma describes the “intensity” 
of color. Colors of low chroma values are 
sor times called weak, while those of high y 
chi na are said to be highly saturated, strong, or Sg 
viv he scale starts at zero, for neutral colors, 9 
bu aere is no arbitrary end to the scale. g. 
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Figure LAND-I-1: Example Satellite Image 
Satel 


lite I of Beverly, MA in False-Color 


15 km 


Beverly, MA, USA 
4 15 km 


30 m 


Area of 3 pixels x 3 pixels 
(equal to 90 m x 90 m) 


Subset of Main Image 
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a 15 km x 15 km satellite image, the pixels ( 
ake field measurements at sites 


he Land Cover/Biology Investigation, students t 
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Figure L/ gU 1: GLOBE Study Site Subset of Washington, DC 
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Fi.;ure EA-GU-3 


€ 8 Greenup & Greendown Annual Site Profile 


OSAKA PREFECTURAL HIGASHISUMIYOSHI TECHNICAL HIGH SCHO 
2002: GRN-01 PHN-GUGD1 


135.5436°E, 34.6131°N, 5.2 т, site type LCB, 
Site comments: 


Nearest ATM site: ATM-01 ATM-1 
135.5469*E, 34.6097°N, 5.2m,atdistance 0.0 m, in direction N 


T GENUS/SPECIES: Liquidambar/styraciflua, momijibafuu 
~ dormant © swelling + budburst —— growing Ш color change ¥ lostfallen 
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Figure EA-GU-4 
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Figure EA-GU-5 


® Greenup & Greendown Annual Site Profile 
® OSAKA PREFECTURAL HIGASHISUMIYOSHI TECHNICAL HIGH SCHO 
2002: GRN-03 PHN-GUGD3 


135.5436°E, 34.6131°N, 52 m, site type LCB, 
Site comments: 


Nearest ATM site: ATM-01 ATM-1 
135.5469°Е, 34.6097°N, 5.2 т, atdistance 0.0 m, in direction N 


T GENUS/SPECIES: Acer/palmatum, Maple 
~ dormant © swelling + budburst —-— growing Ий color change ¥ losVfallen 
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Figure EA-GD-1 
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® Greenup & Greendown Annual Site Profile 
Escuela de Ensenanza Media 7 "Nicolas Copernico, Buenos Aires, AR 
| 2002: GRN-04 LOS SUPER M 
| 58.5361 °W, 34.5094°5, 
| Site comments: Es un arbol que esta aproximadamente a un metro del paviment 
Nearest ATM site: ATM-01 COPERNICO 
58.5405°W, 34.6427°S, 21.8 m, at distance 
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Figure EA-GD-2 


e Greenup & Greendown Annual Site Profile 
ә Suomussalmen Lukio, Ammansaari, ЕІ 
2002: GRN-01 Ruukinrinne 
28.9323°E, 64.9156°N, 202.0 m, site type OTH, Green-Up/Green-Dow 
Site comments: A sunny, dry SW-slope 
Nearest ATM site: ATM-01 School Location 
28.9342°E, 64.8782*N, 211.0 m, at distance 0.0 m, indirection N 
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Fig ге EA-GD-3 


® Greenup & Greendown Annual Site Profile 
© — Suomussalmen Lukio, Ammansaari, FI 
2002: GRN-02 Ruukinrinne 2 


28.9323°E, 64.9156°N, 202.0 m, site type OTH, Green-Up/Green-Down 
Site comments: A sunny, dry SW-slope 


Nearest ATM site: ATM-01 School Location 
28.9342*E, 64.8782*N, 211.0m,atdistance 0.0 m, in direction N 


T GENUS/SPECIES: Betula/pendula, Silver Birch 
+ dormant © swelling + budburst —— growing Ш color change V lostfallen 
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Greenup & Greendown Annual Site Profile 


*  Suomussalmen Lukio, Ammansaari, Fl 
2002: GRN-03 Ruukinrinne 3 
28.9323*E, 64.9165*N, 202.0 m, site type OTH, Gren-Up/Down 
Site comments: A dry, sunny SW slope 
Nearest ATM site: ATM-01 School Location 
28.9342°Е, 64.8782*N, 211.0 m, at distance 0.0 m, in direction N 
T GENUS/SPECIES: Larix/decidua, Larch 
+ dormant © swelling + budburst —— growing color change v on 
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igure TK-4: The Blue Marble-Photograph taken from Apollo 17, December 1972 


Source: NASA 
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б igure TK-8: AVHRR Image 


15 pixels x 15 pixels 


Source: NASA 

A false color infrared image of New England from the Advanced Very 
High Resolution Radiometer (AVHRR) sensor aboard a NOAA polar 
orbiting satellite. Each pixel in this scene is approximately 1.1 km on a 
side. The enlarged section shows a 15 pixel by 15 pixel area which is 
roughly the size as a GLOBE Study Site and which includes roughly 
the same section of Portsmouth, N.H, as Figures ТК-9 through TK- 12. 
The brightest pixels in this enlarged section represent the runway and 
apron area used to park aircraft and service vehicles 
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Landsat Multispectral Scanner — 80m pixel 


Figure TK-9 Figure TK-10 

This Landsat Thematic Mapper Image shows the same area as The Landsat Thematic Mapper | ame area as Figures 

Figure TK-8 with the 80 m resolution Multispectral Scanner flown TK-8 and TK-9 with 30 m. In t! roads are visible. 

aboard the first five Landsat satellites. In this view, the parking These data have a high enoug! see features as small 

area is seen, but few other ground details are visible. as a house. They are preferred f s of ecological and 
environmental studies as they | 1 spatial and spectral 


resolution. 


ia 


SPOT Multispectral Scanner – 20m pixel SPOT Panchromatic Band — 10m pus 

Figure TK-11 Figure TK-12 (lites £ 
Pease, N.H. at the 20 m resolution of the French SPOT satellite's Pease, N.H. at the 10 m resolution of the French SPOT sa " 
Multispectral Scanner. In this view, secondary roads and Panchromatic imager. k 


structures can be seen. 


: m uten 
Source: Used with permission of the Earth Day Forest Watch Program, University of New Hampshire, Dr. Barry Rock and Mr. Gary La 
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gure TK-15: Fals 


e Color Composite Image of Prague 
cmt - : 


Figure TK-16: Visual Primary Additive and Secondary Subtractive Colors 
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Additive Primary and Secondary colors are produced when objects absorb and reflect different combinations of the colors found in 


white light. Source: GLOBE 
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